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[57] ABSTRACT 

The invention provides contaniinant-rcducing agent delivery 
compositions that are useful for the control of organic or 
inorganic contaminants in aquatic or terrestrial environ- 
ments. The compositions comprise one or more superabsor- 
bent solid organic polymers and at least one contaminant- 
reducing agent These superabsorbent polymers act as the 
primary carriers of one or more contaminant-reducing 
agents effective for the control of organic or inorganic 
contaminants in aquatic or terrestrial environments. 
Contaminant-reducing agents include filnvforming agents, 
microbial agents, nutrient agents, and mixtures thereof. The 
invention also provides a method to entrap and accumulate 
organic and inorganic contaminants in one or more super- 
absorbent polymer compositions containing no 
contaminant-reducing agent The invention also provides a 
method to entrap water in superabsorbent polymers to 
activate natural and applied microbial and nutrient 
contaminant-reducing agents in terrestrial environments. 

18 Claims, No Drawings 
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COMPOSITIONS AND METHODS FOR contaminant-reducing agent, wherein said composition is 

REDUCING THE AMOUNT OF capable of reducing the amount of an organic or inorganic 

CONTAMINANTS IN AQUATIC AND contaminant in an aquatic or terrestrial environment The 

TERRESTRIAL ENVIRONMENTS composition may be solid or liquid. If liquid, the composi- 

5 tion is preferably capable of being sprayed, pumped, or 

BACKGROUND OF THE INVENTION injected. The composition may also be a controlled-release 

During this century, the demand far petroleum as a source composition, 

of energy and as a primary raw material for the petrochemi- Preferably, the superabsarbent polymers are hydroprulic 

cal industry has resulted in an increase in world production acrylamide and aery late polymers which then act as matrices 

from 29 to over 2,400 million metric tons per year. This 10 for the controlled release (e.g. , fast, slow, pulsed, delayed) of 

dramatic increase in the production, refining and distribution the contaminant-reducing agent employed, according to 

of crude oil has also brought with it an ever-increasing zero-order, first-order; or square-root-of-time kinetics. More 

problem of environmental pollution. In part, this has been a preferably, the superabsorbent polymer of the present inven- 

consequence of the massive movements of petroleum by oil tion is a co m bi n ati o n of a polysaccharide and an organic 

tankers from the areas of high production to those of high 15 monomer, oligomer, polymer, copolymer, terpolymer or 

consumption. It has been estimated mat 0.5% (12 million tetrapolyrner. Most preferably, the superabsorbent polymer 

metric tons per year) of transported crude oil finds its way of the present invention is the product of grafting amylopec- 

into sea water, largely through accidental spills and delib- tin with acrylonitrile. Such superabsorbent polymers can 

erate discharge of ballast and wash waters from oil tankers. also used by themselves (Le., without the contaminant- 

The toxicity of crude and refined oil to the environment 20 reducing agent) to entrap and aceumulate organic and inor- 

and, even more directly, to man is well documented (D. F. 8*™ corrtamiiiante, thereby preventing leaching or move- 

Boefsch et al, "OA Spills and the Marine Environment", ment and further damage to areas of the environment that arc 

Ballinger PubL, Cambridge, 1974 114 pp.; A. Nelson-Smith far removed from me MtM P 0 ^) rf contamination. The 

in the collected papers edited by P. Hepple. "Water Pollution „ compositions ^may further include one or more non-toxic 

by Oflr, Elsevier, N.Y., 1971, pp 273-80) and need not be 25 adjuvants or diluents. 

discussed in detail. It is sufficient to state that crude oil I* one embodiment of the invention, the contaminant- 
contains mutagenic, carcinogenic and growth inhibiting reducing agent comprises a nim-forming agent In another 
chemicals and that even small quantities (5-100 mg per embodiment of the invention, the contaminant-reducing 
liter) of certain petroleum fractions destroy microalgae and agent includes a microbial agent, such as bacteria, algae, and 
juvenile forms of microorganisms. Furthermore, it has been fungi, or combinations thereof, which are known to have 
reported (L Chett et al.. Nature, 261, 308-9 (1976)) that bioremedial utilities against organic and inorganic contami- 
petroleum inhibits microbial decomposition of organic mat- nants. In yet another emrjodiment of the invention, the 
ter in sea water by interfering with the ability of the contarnmant-reducirig agent can also include a nutrient agent 
imcroorganisrns involved to move or orient themselves. Put 01 complex to enhance the activity of the microbial agent(s). 
simply, oil pollution in the ocean in general and in the 35 Alternatively, the nutrient agent or complex can be used 
coastal waters in particular presents a serious problem to alone with the superabsorbent polymer and applied to the 
commercial fisheries, recreational resources and public environment to enhance the activity of microbial agents in 
health. the environment The contaminant-reducing compositions 
Oil pollution is only one source among many which ^ can also include non-toxic adjuvants or diluents. Various 
containinate the environment Environmental pollutants also combinations of the above-listed contaminant-reducing 
include non-petroleum organic contaminants, which can be agents can be used. 

generated from various sources. Such organic and inorganic The present invention also provides a method of reducing 

contaminants can be found in industrial waste produced by the amount of organic or inorganic contaminants in an 

carpet and textile mills, pulp and paper mills, citrus pro- 45 aquatic or terrestrial environment The method involves 

cessing plants, commercial kitchens, fast food restaurants, applying the contamiiiant-reducing composition described 

and food processing plants, for example. Such organic above to the contaminated site. Upon application, the 

contaminants include pesticides, such as herbicides, growth contaminant-reducing agent impregnated in the superabsor- 

inhibitors, growth regulators, sterilants, and the like. bent polymer is released into the environment. Preferably, 

Different approaches to reducing the concentration of so ^ rdcasc occms a controlled manner. Release of the 

environmental contaminants have been explored. One such contaminant-reducing agent can occur, for example, via a 

approach is bioremediation, which is the use of living water-activated swelling-controlled diffusion process, and/ 

organisms to break down organic and inorganic contami- w 10(5 biodegradation (ie., microbial) or degradation (e.g., 

nants into more basic components, remove environmental decomposition via ultraviolet light) of the polymer, 

pollutants, restore contaminated sites, and prevent the accu- 55 In addition, the present invention provides a method of 

mulation of further pollutants. Generally, bicremediation is entrapping and accumulating organic or inorganic contami- 

accomplished using bacteria, although other nants in an aquatic or terrestrial environment. The method 

rnicroorganisms, namely fungi and algae, have been used. involves contacting a superabsorbent solid organic polymer, 

See, for example, Ronald M. Atlas, Chemical <fc Engineering a superabsorbent polymer laminate, a superabsorbent poly- 

News, Apr. 3, 1995, pp. 32-42. There still exists a need, 60 mcr composite, a superabsorbent polymer foam, or a super- 

bowever, to reduce the amount of organic and inorganic absorbent polymer-loaded device with the contaminants in 

contaminants in aquatic and terrestrial environments. an amount effective to entrap and concentrate the contami- 

nants to facilitate their removal. 

SUMMARY OF THE INVENTION Finally, the present invention provides a method for 

The present invention provides a contaminant-reducing 63 entrapping water in surface or subsurface areas of a terres- 

composition comprising a contaminant-reducing agent and a trial environment by adding a superabsorbent solid organic 

superabsorbent solid organic polymer for delivery of the polymer in proximity to natural or applied microbial or 
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nutrient contaminant-reducing agents, thereby improving 
the bioremediation of contaminants by providing the mois- 
ture necessary for enhanced microbial growth and nutrient 
activation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Surprisingly, it has been found that certain superabsorbent 
poryrners are useful as matrices for contaminant-reducing 
agents effective for reducing the concentration of organic 
and inorganic contaminants, in aquatic or terrestrial 
environments* with a single application or multiple appli- 
cations of a solid or liquid fonnulatioiL These compositions 
may be in controlled-release form. 

Superabsorbent polymers, including starch graft 
copolymers, are well known in the art See, for example, 
those described in U.S. Pat No. 4,375. 535 (Kig^thnger et 
aL), and US. Pat No. 4,497,930 Ofanasaki et aL). These 
polymers have been used as adhesives, flocculents, and as 
water-retaining for agricultural or sanitation uses. 

Superabsorbent polymers have also been used alone in pest 
management applications or in combination with pesticides 
or insecticides as matrices for their release in aquatic or 
terrestrial environments. However, the advantages of using 
this class of polymers as contaniinant^ntrapment matrices, 
as matrices for water-activation of contaminant-reducing 
agents, and as matrices for the controlled release of active 
agents in aquatic or terrestrial environments to control 
organic or inorganic contaminants have gone unrecognized 
until the present invention. 
A. Superabsorbent Polymers 

It has been observed that certain superabsorbent polymers 
that are impregnated with one or more contaminant-reducing 
agents have the ability to swell in water and/or biodegrade/ 
degrade, and thereby release the substance(s) contained 
therein. Furthermore, it has been observed that the super- 
absorbent polymers mat swell when exposed to water also 
have the ability to reform or contract to a consistency similar 
to their original form when evaporation has caused the water 
to be removed from the rxrtymer matrix, and then re swell 
with additional exposure to water. This ability to be func- 
tional after repetitive periods of exposure to water is advan- 
tageous for pretreatment and/or prolonged controlled release 
applications. Certain superabsorbent polymers also have the 
ability to entrap and accumulate, i.e., concentrate, contami- 
nants to facilitate their removal. Also, certain superabsorbent 
polymers (e.g. starch-graft) applied to terrestrial habitats can 
promote the degradation of contaminants by natural or 
applied nucroorganisms by entrapping water in surface or 
subsurface areas, and thereby provide higher and prolonged 
moisture levels and added nutrients (i.e., starch) for 
enhanced microbial growth and development Similarly, the 
water entrapped within superabsorbent polymers can also 
activate and prolong the activity of natural or applied 
nutrient contaminant-reducing agents. 

The superabsorbent poryrners useful in the compositions 
and methods of the present invention are synthetic organic 
polymers that are solid and hydrophilic. They are capable of 
absorbing over 100 times their weight in water. Generally, 
these superabsorbent polymers are chosen from acrylamide 
and aery late polymers, including copolymers, terpolymers, 
tetiapolymers, etc. These superabsorbent polymers are typi- 
cally in a powder or flake form, adapted to be blended and/or 
agglomerated. Superabsorbent polymers are generally 
nontoxic, biodegradable, UV degradable, or erodible, and 
relatively inexpensive to buy or produce. 

The acrylamide and acrylate superabsorbent polymers 
may be, for example, acrylamide alkali metal or alkali 
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metal/aluminum acrylate copolymers; propenenitrile 
homoporymers, hydrolyzed, alkali metal or alkali metal/ 
Aluminum salts; rxriymers of prcpenainide and propanoic 
acid, alkali metal salts; hydrolyzed acrylonitrile copolymers, 

5 and starch graft copolymers and terpolymers thereof. All of 
these are designed to be hydrophilic. 

The hydrophilic superabsorbent polymers of the present 
invention can absorb over one hundred, more typically over 
500, times their own weight in water (measured using 

10 distilled water, pH 7.5, 25° C, 760 mm Hg, absorption 
within 30 seconds). Certain of these polymers can absorb 
over 1 ,000, and even over 5,000, times their weight in water. 
However, the absorption or swelling capacity and absorption 
or swelling time typically varies with each specific super- 

15 absorbent polymer. Additionally, both swelling and shrink- 
age occurs in a terrestrial environment Water and soil 
quality (e.g., pH, salinity) will effect the degree of swelling 
of the superabsorbent polymer(s) in aquatic and terrestrial 
environments. 

20 One exemplary class of superabsorbent polymers suitable 
for use in the present invention includes a combination of 
polysaccharide and organic monomers, oligomers, 
poryrners, copolymers, terpolymers, or tetrapolymers, etc 
The two components may be combined, for example, by the 

25 methods described in U.S. Pat No. 4375.535 (Kightlinger 
et aL), and U.S. Pat No. 4,497,930 (Yamasaki et at). For 
example, a suitable superabsorbent polymer for use in the 
present invention would be the product of grafting corn 
starch (amylopectin) with acrylonitrile (an acrylic monomer 

30 or oligomer). Another exemplary class of superabsorbent 
polymers includes propanoic or acryloiiitrtte/acrylamide- 
base, oligomers, polymers, copolymers, terpolymers or 
tetrapolymers, etc, that also show supexabsorbency proper- 
ties. 

35 Non-limiting specific examples of superabsorbent poly- 
mers with differential swelling properties that are particu- 
larly useful in the method of the present invention include: 
a copolymer of acrylamide and sodium acrylate (TERRA- 
SORB GB, available from Industrial Services International, 

40 Inc., Bradenton, FLa.); hydrolyzed starch^lyacrylonitrile 
(TERRA- SORB available from Industrial Services 
International, Inc., Bradenton, Fla.); 2-propenenitrile 
homopolymer, hydrolyzed, sodium salt or poly(acrylamide- 
co-sodium acrylate) or pory(2-propenaimfc 

45 acid, sodium salt) (WATER LOCK Superabsorbent Polymer 
G-100 available from Grain Processing Corp., Muscatine, 
Iowa); starch-g-pcly(2-rrc^naniiae acid, 
sodium salt) (WATER LOCK Superabsorbent Polymer 
A- 100, A- 120, A-140, A-180 series, A-200, available from 

50 Grain Processing Corp., Muscatine, Iowa); starch-g-poly(2- 
propenarnide-co-2-propanoic acid, mixed sodium and alu- 
minum salts) (WATER LOCK Superabsorbent Polymer 
A-222 available from Grain Processing Corp., Muscatine, 
Iowa); starch-g-rjoly(2-r*openamide acid, 

55 potassium salt) (WATER LOCK Superabsorbent Polymer 
B-204, available from Grain Processing Corp., Muscatine, 
Iowa); r^ry(2-prorienarmde<o-2'inxpanok acid, sodium 
salt) (WATER LOCK Superabsorbent Polymer G-400 avail- 
able from Grain Processing Corp., Muscatine, Iowa); 

60 WATER LOCK L-Serics Superabsorbent Laminates (L-4 13, 
L-415, L-435, L-513), available from Grain Processing 
Corp., Muscatine, Iowa; poly-2-propanoac acid, sodium salt 
(WATER LOCK Superabsorbent Polymer J-500 available 
from Grain Processing Corp., Muscatine, Iowa); starch-g- 

65 poly(acrylonitrile) or poly(2-propenamide-co-sodium 
acrylate) (SGP 5Q2S, available from General Mills Chemi- 
cals Inc., Minneapolis, Minn.); starch/acrylonitrite copoly- 
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mer (SUPER SORB, AGRIGEL, available from Super 
Absorbent Co., Lumbcxton, N.C.); aosslinked copolyrnirs 
of acrylamide and sodium acrylate (AQUASORB PR-3005, 
(A, B, C, K), 005, available from SNF Floerger, France); 
acrylamide/sodium poly acrylate crosslinked polymers 3 
(ALCOSORB AB3C, AB3S, RD, available from Allied 
Colloids, Inc., Suffolk, Va.); anionic polyacrylamide 
(AQUASTORE Absorbent Polymer, available from Ameri- 
can Cyanamid Co., Wayne, NJ.); starch grafted sodium 
polyacrylates (SANWET IM-1000, IM-1500, IM-3500, 10 
IM-3900, IM-5600 Superabsorbent Polymer Series, SAN- 
WET IM-1000, and IM-1500 Laminates and SAMPOAM 
superabsorbent foams, available from Hoechst Celanese, 
Portsmouth, Va.); acrylic acid polymers, sodium salt 
(AQUA KEEP J-400, J-500, J-550 Superabsorbent Polymer 15 
Series, available from Sumitomo SeOca Chemicals Co., Ltd., 
Osaka, Japan); crosslinked potassium poly aery late/ 
polyacrylamide copolymers (STOCKOSORB 300K and 
400K Series, available from Stockhausen, Inc., Greensboro, 
N.C.); sodium poly acrylate (FAVOR SAB 100, SAB 800, 20 
SAB 900, SAB 954 Series, available from Stockhausen, 
Inc., Greensboro, N.C); FAVOR/STOCKOSORB non- 
woven, film, or fiber superabsorbent polymer laminates and 
composites, available from Stockhausen, Inc., Greensboro, 
N.C; partial sodium salt of crosslinked polypropenoic acid 25 
(XU 40346.00 Superabsorbent Polymer, available from 
Dow Chemical Co., Midland; Mich.); potassium 
polyacrylate, lightly crosslinked (ARID ALL 1125, 1125 0, 
1125 J, 1125 S, 1125 C, 1460 Superabsorbent Polymer 
Series, available from Chemdal Corporation, Arlington 30 
Heights, El.); sodium polyacrylate, lightly crosslinked 
(ASAP 1000, ASAP 1100, 1430, available from Chemdal 
Corporation, Arlington Heights, EL); sodium polyacrylates 
(NORSOCRYL B 50, B 65, S 35, S 45, D 50, D 60, D 65 
Series, available from Elf Atochem. Prance); poly(sodium 35 
acrylate) homopolymer (SS Superabsorbent Polymer, avail- 
able from Absorbent Technologies, Inc., Muscatine, Iowa). 
B. Contaminant-Reducing Agents 

As used herein, the term "contaminant-reducing agent" 
means a compound or substance that is capable of control- 40 
ling or reducing the amount of organic or inorganic con- 
taminants in an aquatic or terrestrial environment needing 
such treatment, either directly or indirectly. 

Organic and inorganic contaminants, as well as non- 
petroleum organic contaminants, include those found in 45 
industrial waste, such as those from textile and paper mills, 
citrus processors, chemical manufacturers, and transporta- 
tion facilities, as well as restaurants and institutions, such as 
commercial kitchens, food processing plants, and the like. 
Other sources of contaminant production include crude oil 50 
spills, chemical and solvent leaks, fuel oil leaks, and creo- 
sote contamination. Inorganic contaminants include, for 
example, inorganic sulfur and ferrous compounds, metallic 
elements, as well as heavy metals, such as mercury, and 
certain other copper compounds used as herbicides and 55 
algicides. 

Organic contaminants include various pesticides, such as 
insecticides, growth regulators, growth inhibitors, toxicants, 
bactericides, attractants, repellants, hormones, 
molluscicidcs, defoliants, chemosterilants, fumigants, 60 
systemics, rodentiddes, avicides, detergents, surfactants, 
nemattcides, acaricides, miticides, predicides, herbicides, 
agricultural chemicals, algicides, fungicides, sterilants; 
polycyclic aromatic hydrocarbons (PAH's), polychlorinated 
biphenyls (PCB's), greasy wastes, solvents, crude oil, diesel 65 
fuel, waste oil. Bunker 'XT* oil, phenolics, halogenated 
hydrocarbons, citrus juice processing wastes, terpene 
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alcohols, starchy carbohydrates, and the like. Examples of 
specific organic contaminants include anthracene, 
chlorotoluenes, chrysene, cresols, di-N-octylphthalate, 
dichlorobenzene, dichlorethanes, dichloropropanes, 
dichlarotoluene, 2-ethaxycthanol, ethylene glycol, ethylene 
glycol monoethyl ether acetate, ethylbenzene, fiuorcne, 
isoprenoids, methyl ethyl ketone, methylene chloride, 
naphthalene, pentachlorophenol, phenanthrene, 1,1,2,2- 
tetrachloroethane, toluene, 1,1, 2 -trichloro ethane, 
trichloroethylene, benzoate, chlorobenzoates, methanol, 
ethyl acetate, cyclohexanone, ethylbenzene, 2,4- 
dichlorophenoxy acetic acid, 2,4,5-trichlorophenoxyacetic 
acid, m,o,p-xylene, butyl acetate, camphor, hexane, heptane, 
octane, nonane, d-limonene, linalool, geraniol, citronelloL 

Contaminant-reducing agents for use in the superabsor- 
bent polymer-based compositions include film-forming 
agents, aerobic or anaerobic microbial agents, and nutrient 
agents. These can be used singly or in various combinations. 
In a preferred embodiment, the contaminant-reducing agent 
comprises at least one film-fonrring agent The use of a 
film-forming agent in combination with another 
contaminant-reducing agent generally acts to enhance the 
activity of the second agent Por example, when used in 
combination with a microbial agent because microbial 
agents of the present invention are generally aerobic and 
must operate at the oil/water interface to control floating oil, 
film-forming agents can be used to increase the surface area 
of the oil spill while uniformly spreading the microbial agent 
throughout a thin layer of dispersed oil, thereby accelerating 
the biodegradation process. Not only is the oil made more 
readily available to the microbial agent, but mixing and 
dilution of emulsion droplets in a greater volume of water 
assures a more adequate supply of nutrients for the microbial 
agent utilized. In another bioremediation approach for this 
type of dual action treatment, the composition containing a 
film-forming agent can be applied around the perimeter of 
an aquatic oil spill to help concentrate the dispersed oil at the 
surface of the water, with for example, booms, to compact 
and decrease the surface area of the oil spill, while simul- 
taneously releasing and spreading the microbial agent to 
contact the perimeter of the compacted oil for prolonged 
periods. A single microbial agent composition could then be 
dispersed uniformly over the confined oil spill to assure 
optimal and prolonged bioremediation throughout the oil 
spill as well as around the oil spill perimeter. 

1. Film-Forming Agents 

As used herein, the term 4 *nlm-forming agent" is meant to 
include dispersants, surface-active agents, surfactants, 
detergents, and the like. Typically, this class of chemicals 
have an oil-soluble end (i.e., a hydrocarbon chain) and a 
water soluble end (Le., polar groups, such as carboxylate, 
sulfonate, ether, alcohol, or polyethylene oxide). Because of 
this dual nature, film-forming agents orient at the surface 
contaminant/water interface. Surface contaminants refer to 
contaminants which have a tendency to float on the surface 
of water. Specific examples of surface contaminants include 
oil or petroleum, When applied around the perimeter of an 
oil spill, for example, a film-forming agent will reduce the 
surface tension of the water while spontaneously and rapidly 
spreading over the surface of the water to form a near 
monomolecular or duplex film that can push or concentrate 
oil or other surface contaminants into a confined area for 
clean-up via conventional mechanical sponging, suction, or 
removal equipment Alternatively, when applied to oil, the 
oriented film-forming molecules can also reduce the inter- 
facial tension between the oil and water thereby "weaken- 
ing" and reducing the cohesiveness of the oil slick. 
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Additionally, the hydrophilic groups of the film-farming 
molecules on the surface of the oil droplets repel other 
droplets and prevent coalescence. The hydrophilic surface 
also reduces the tendency of the droplets to stick to solid 
surfaces such as marine sediments, shorelines, and plants. 
By preventing oil from sticking to marine sediments, film- 
forming agents thus prevent oil from sinking. 

Film-fonning agents that are suitable for use in the 
present invention are generally more oil soluble than water 
soluble and preferably are only minimally water soluble. 
Furthermore* film-forming agents suitable for use in the 
present invention are organic materials which spread rapidly 
and spontaneously into extremely thin films approaching 
monomolecular dimensions. Consequently, small quantities 
of film-fnrming agents will affect large areas of a water 
surface. These film-forming agents are generally 
autophobic, nonionic, nonvolatile organic liquids with a 
density less than water. Typically, they have a low freezing 
point and a boiling point above the maximum air tempera- 
ture of the environment into which they are placed. The 
freezing point can be below about 5° C The boiling point 
can be about 170° C or higher, preferably it is at least about 
200° C. These film-forming agents have an HLB 
(Hydrophile Lipophile Balance) number of 10 or less, a bulk 
viscosity of less man 1000 centistokes at the temperature of 
use, a surface tension effectiveness which lowers the surface 
tension to approximately 35 dynes/cm or less, and are 
generally capable of rapidly and spontaneously spreading 
with high spreading potentials. 

Suitable film-forming agents include, but are not limited 
to. POE-2-isostearyl alcohol, sorbitan monooleate, sorbitan 
trioleate, sorbitan monolaurate, oxyethylated deyl alcohol 
having two oxy ethylene groups, di ethylene glycol 
monolaurate, oxyethylated lauryl alcohol having four oxy- 
ethylene groups, an oxyethylated branched alkanol of 15-19 
carbon atoms, unsaturated cis- alkanol of 12-18 carbon 
atoms and up to five oxyethylene groups, and an unsaturated 
cis- alkanol of 15-19 carbon atoms. These film-forming 
agents can be used in combination with an alcohol such as 
2-ethyl butanoL, for example. Most preferably, the film- 
forming agent is selected from the group consisting of 
POE-2-isostearyl alcohol, 65% sorbitan monolaurate and 
35% 2-ethyl butanol, and 75% sorbitan monooleate and 25% 
2-ethyl butanoL 

2. Microbial agents 

As used herein, the term **microbial agents 9 * is meant to 
include microorganisms that enhance biodegradation pro- 
cesses. These nucroorganisms include bacteria, fungi, and 
algae, or combinations of these microorganisms, for 
example. Furthermore, as used herein, "biodegradation" 
means the chemical alteration and breakdown of a substance 
to usually smaller products caused by microorganisms and 
their enzymes. Contaminants mat are biodegradable include 
any compound that can be microbially mineralized into 
carbon dioxide, water, ammonia and/or chloride, or that can 
be transformed into a non-hazardous intermediate. "Biore- 
mediation" refers to the use of living organisms, primarily 
microorganisms, to convert harmful organic or inorganic 
contaminants into carbon dioxide, water, cell tissue, and 
energy, to remove pollutants from the environment, to 
restore contaminated sites, and to prevent further pollution 
from accumulating. Generally, contaminants amenable to 
biaremediatton include: petroleum hydrocarbons, such as 
gasoline, diesel, fuel oil, crude oil, refinery sludges; 
aromatics, such as benzene, toluene, xylene, emylbenzene, 
styrene; polynu clear aromatic hydrocarbons, such as 
naphthalene, phenanthrene, pyrenc, benzo[a]pyrene; 
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alcohols, such as isopropanol, ethanol, ethylene glycol, 
t-butanol; carbohydrates, animal fats and greases; deter- 
gents; ketones, such as acetone, methyl ethyl ketone; 
phenols, such as chlorophenol, pentachlorophenol; pory- 

5 chlorobiphenyls; phthalates; chlorinated solvents, such as 
methylene chloride, ethylene dichloride. 

A wide variety of petroleum degrading microorganisms 
have been found to bioemulsify hydrocarbons and are thus 
suitable for use in the present invention. These emulsions are 
microbiological in origin, and appear to be mediated either 
by the cells themselves of by the production of extracellular 
emulsifying agents. For example, the growth of Mycobac- 
terium rhodochrous NQB 9905 on n-decane yields an 
emulsifying factor which was reported by R. S. Holden et at 
(J. Appl Bacterid, 32, 448 (1969)) to be a nonionic deter- 

15 gent J. Tguchi et at (Agric. Biol Chem., 33, 1657 (1969)) 
found that Candida petrvphilium produced an emulsifying 
agent composed of peptides and fatty acid moieties, while T. 
Suzuki et al. (Agric. Biol Chenu, 33, 1619 (1969)) found 
trehalose lipid in the oil phase of culture broths of various 

20 strains of Arthrobacter, Brevibacterium, Corynebacterium 
and Norcardia. 

Torulopsis gropengiesseri was found to produce a 
sophorose lipid, while rhamnolipids are reported by K. 
Hisatsuka et aL (Agric. Biol Chern^ 36, 2233 (1971)) to have 

25 been produced by Pseudomonas aeruginose strain S7B 1 and 
by S. Itoh et aL (Agric Biol Cherry 36, 2233 (1971)) to have 
been produced by another P. aeruginose strain, KY4025. 
The growth of Corynebacterium hydrocarbolastus on kero- 
sene was reported by J. E. Zajic and his associates (Dev. Ind 

30 Microbioi^ 12, 87 (1971); Biotcchnol Bioeng* 14, 331 
(1972); Chemosphcre, 1, 51 (1972); Crit. Rev. Microbiol, 5, 
39 (1976) U.S. Pat No. 3, 997398) to produce an extracel- 
lular heterc^ly saccharide which, among other properties, 
emulsified kerosene, Bunker C fuel and other fuel oils. U.S. 

35 Pat No. 3,941,692 describes the use of an Artfarebacter 
species RAG-1 to clean oil-contaminated tank compart- 
ments by allowing the organism to aerobically grow on the 
oily wastes in such tanks using sea water containing added 
nutrients. 

40 Several other microbial organisms have been known to 
have a variety of bioremedial applications as well. A 
toluene-resistant strain of Pseudomonas bacteria is being 
researched for bioconversions into nonaqueous solvents. 
Pseudomonas fluorescent strain HK44 was engineered to 

45 catabolize naphthalene and will be used to treat naphthalene- 
contaminated sofl. Acetobacter liquefaciens S-l bacteria are 
known to consume azo dyes. Iron- and sulfur-oxidizing 
bacterium, Thiobacillus fcrrooxidans has been used to con- 
sume inorganic sulfur from industrial air emissions. 

50 Removal of organic sulfur-containing compounds from fos- 
sil fuels has been accomplished using Rhodococcus bacteria, 
which biodegrade dibenzothiophenes and other organosulfur 
compounds. Algae have also had several bioremedial appli- 
cations as welL Choiorococcum iittorale can tolerate high 

35 levels of carbon dioxide, which the algae converts into 
polysaccharides. Prasinococcus capusulatus is being stud- 
ied for its ability to remove carbon dioxide from the atmo- 
sphere. Marine organisms such as foraminifera have dem- 
onstrated abilities to convert carbon from carbon dioxide 

60 into calcium carbonate. All of these microorganisms are 
discussed in Ronald M. Atlas, Chemical <£ Engineering 
News, Apr. 3, 1995, pp. 32-42. 

Certain fungi have also been known to degrade straight 
and branched alkanes. Examples of such fungi include 

65 Candida Upofytica and Aspergillus versicolor. 

Other microbial agents, particularly bacteria, that are 
suitable for use in the present invention can be broken into 
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three broad categories: those that are capable of utilizing Birmingham, NJ.). The nutrient agent employed will vary 
straight chain alkanes as a food source; those that metabolize according to the particular microbial agent being used to 
cyclic alkanes; and those that are capable of metabolizing control contaminants, as well as the environmental context 
aromatics. of its application, in some cases, for example with certain 

Many types of bacteria have evolved that can utilize 5 starch graphed superabsorbent polymers, the polymer matrix 
straight and branched alkanes as a sole carbon and energy itself can also serve as a nutrient agent for the microbial 
source. Funs, Der mikrobiella Abban von Kohlenwasserst- agent 

offetu Arch Microbiol^ 39, 374 (1961). There are fewer One embodiment of the invention includes the use of 
known species that degrade branched chain compounds than nutrient agents to enhance the activity of the microbial 
degrade straight chain alkanes. Furthermore, two-branched 10 agent Preferably, the nutrient agent and the microbial agent 
alkanes are easily degraded but three-branched alkanes are are both impregnated within the superabsorbent polymer to 
significantly more recalcitrant to metabolism. Examples of enhance bioremedial activity of the nutrient agent The 
this type of bacteria that are suitable for use in the present nutrient agent can be used alone with the superabsorbent 
invention include, but are not limited to, Pseudomonas polymers as well to enhance the bioremedial activity of 
propanica, P. aeruginosa, Achromobacter sp n Flavobacte- 15 nutrient agents occurring naturally in the environment 
Hum sp^ Micrococcus paraffinae, Corynebacterium flavum, although this is not the preferred embodiment. 
Mycobacterium flavum, M. methanicum, M. perrugosum, M. The superabsorbent solid organic polymers may be used 
rubrum, M. paraffinicum, M. sp n Nocardia sp* in proximity to natural or applied rnicrobial or nutrient 

Cyclic alkanes are abundantly produced in nature by contarninant-reducing agents. As used herein, the term 
plants and rmcroorganisms and are preserved in crude oil 20 "natural" means natuiaUy-occuning in the sense that the 
and other geologically stored hydrocarbons. Cyclic alkanes contaimnant-reducing agents are found In nature. The term 
form a part of carotenoids as well as plant terpenoids, and "applied", when used in association with contaminant- 
are incorporated into the lipids of many bacteria. Cyclic reducing agents, means that the agent is supplied by some 
alkanes are the most recalcitrant fraction of petroleum of non-natural method, as by the use of superabsorbent poly- 
bacterial degradation, yet microbes are known that utilize 25 mers. 

these compounds. Examples of this type of bacteria mat are C. Controlled Release Contaminant-Reducing Agent Deliv- 
suitable for use in the present invention include, but are not ery Composition 

limited to Acetobacter suboxydans, Achromobacter sp.. The contaminant-reducing compositions of the present 
Acinebacter anitratum, A. NCLB 9871, Alcaligenes faecalis invention can be prepared by mixing, encapsulating. 
S6B 1, Arthrobactcr sp^ Bacterium aliphaticum, Corynebac- 30 agglomerating, or formulating one or more of the 
terium cyclohaxicum, Flavobacterium sp^ Methylococcus contaminant-reducing agents with one or metre superabsor- 
capsulatus, Mycobacterium convohttum strain R-22, M. bent polymers and optionally one or more non-toxic and 
rhodochrous, Af. vaccae strain JOB- 5, Nocardia globulera inert adjuvants or diluents into compositions such as solid 
CH, M petroleophila NCIB 9438, AT. sp^ Pseudomonas powders, dusts, granules, pellets, briquets, extrusions, 
aeruginosa strain 473, E C4, P. fluorescent, P, methanica, P. 35 laminates, or composites, or into sprayable. pumpable, or 
mendocina, P olevorans, R NOB 9872, and P. sp. injectable, variable- viscosity water or oil-base formulations 

The bacterial degradation of the aromatic fraction of such as gels or semi-gels. These compositions can be 
petroleum has been studied in great detail. Gibson, "Bio- optionally incorporated into water-soluble or biodegradable/ 
degradation of Aromatic Petroleum Hydrocarbons", in Fate degradable packets, pouches, or capsules, made of, for 
and Effect of Petroleum Hydrocarbons in Marine Ecosys~ 40 example, polyvinyl alcohol, hydroxypropyl methyl 
terns and Organisms, D. A Wolfe e&, New York, Pergamon cellulose, polyethylene oxide, or gelatin, or insoluble 
ft-ess, p36-46 (1977). Many types of bacteria have been devices made, for example, of polyethylene or 
identified as capable of utilizing aromatic hydrocarbons as a polypropylene, for use as secondary delivery vehicles for 
carbon and energy source, but Pseudomonas is the most contaminant-reducing compositions. Preferably, the weight 
prevalent and best studied genus. Examples of this type of 45 ratio of superabsorbent polymer to the total amount of the 
bacteria that are suitable for use in the present invention contaminant reducing agent and any inert diluent ingredients 
include, but are not limited to, Pseudomonas putida, P in the composition is about 0.1:100 to about 100:0.001. 
putida (39/D), P. putida (biotype B), P. putida (arvilla) mt-2, Other ranges are useable in accordance with the invention, 
P. putida (119), P. aeruginosa, P. fluorescens, P. and the preferred ranges will vary according to the situation 
desmolyticum, P, rhodochrous, P mildenbergil, Pseudomo- 50 in which the composition is being used. 
nas sp. (NCTB9816), Pseudomonas sp, (53/1), Pseudor- In particular, the present invention is directed toward a 
nonas sp. (53/2), Aeromonas sp., MoraxeUa sp,, Beijerinckia method of formulating one or more superabsorbent polymer 
sp-y Flavobacterium sp* Achromobacter sp n Nocardia sp^ (s) with one or more conterninant-reducing agents, with or 
and Corynebacterium renale. without water or other additives, into compositions such as 

4. Nutrient agents 55 solid powders, dusts, granules, agglomerates, pellets, 

Contaminant-reducing agents in accordance with the briquets, extrusions, laminates, or composites, or into 
invention can also include nutrient agents. As used herein, sprayable, pumpable, or injectable, variable-viscosity water 
the term "nutrient agent" is defined as any substance that or oil base gel or semi-gel like formulations that can release 
accelerates degradation by sti mu lating the growth of a one or more active ingredients to simultaneously or concur- 
microbial agent, whether the microbial agent is impregnated 60 rently control a variety of inorganic or organic contaminants 
in the superabsorbent polymer or not Nutrient agents can be with a single or multiple application of a solid or liquid 
composed of macro nutrients, micronutrients, or mixtures of single or multi-product formulation. Preferably, the release 
both. Generally, the nutrient agents include carbon sources, occurs in a controlled manner. 

nitrogen sources, phosphorous sources, or mixtures thereof. Impregnation of superabsorbent polymers with fatty al co- 
Examples of specific nutrient agents that can be used in 65 hoi film-forming agents such as POE-2-isostearyl alcohol or 
accordance with the invention are the BI-CHEM ACCEL- sorbitan monooleate appear to delay or slow down the rate 
ERXTOR series (available from Sybron Biochemicals Inc., of water absorption of superabsorbent polymers such as 
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SUPER SORB or WATER LOCK G-100, thereby providing chemicals or materials directly with the monomers utilized 

another useful mcctamteTn for slow or controlled release of in the polymerization process to fabricate a superabsoroent 

contaminant-reducing agents. polymer that, when swollen, will float due to the low specific 

The slow or controlled release process could be further gravity/hydrophobic mat e ri a ls being integrally incorporated 

modified or delayed by the degree of compaction of the 5 or grafted into the superabsorbent polymer matrix, thereby 

powdered or flaked superabsorbent polymer and superab- releasing contaminant-reducing agents having a specific 

sorbent polynKr/ccmtaminant-reducing agent formulations, gravity less than or greater than one, at or near the surface 

by varying the size of an orifice or the number of orifices in of the water. 

a container into which the formulation is placed, by varying Another einbodiment may include the admiring and 

the concentration of film-forming agent, by varying the to entrapment of gases such as nitrogen, air, or helium in the 

concentration of different types of superabsorbent polymers, superabsorbent polymer or superabsorbent polymer compo- 

and by adding one or more binders. For example, using one sitions of the present invention to aid in floating, 

or more canonic, anionic or nonionic surfactants or surface Furthermore, these gases may be incorporated, mixed or 

active agents in the composition can regulate the rate and bubbled directly with the monomer in&edients utilized in 

duration of delivery (Le., increase or decrease) of the is the polymerization process, and thereby create pockets of 

contaminant-reducing agent from the superabsorbent poly- gases throughout the superabsorbent polymer matrix that 

mer matrix. Additionally, a coating can be utilized to alter will allow the matrix compositions of the present invention 

the swelling potential of the superabsorbent polymer, and to remain at or near the surface of the water when hydrated 

thereby slow the rate of release of the contaminant-reducing and releasing the contaminant-reducing agent(s). Microbial 

agent from the superabsorbent polymer matrix. The coating 20 and nutrient contaminant-reducing agents that have specific 

can be hydrophobic or have varying degrees of water gravities greater than one will require surface orientation 

solubility. when used to control petroleum contaminants in aquatic 

It should be noted that certain salts (e.g., alkali metal habitats, particularly in deep water (e.g., ocean) environ- 

halides such as Nad) have been shown to reduce the ments. 

swelling of the superabsorbent polymer matrix when intro- 25 The contaminant-reducing agent delivery composition 

duced into water. This can have an impact on the can be applied to the contaminated site by conventional 

contaminant-redu ring agent delivery composition's ability ground, aquatic or aerial techniques, including, but not 

to swell and control the target contaminant Therefore, it is limited to, perimeter application from the shore, application 

possible to utilize certain salts in superabsorbent polymer- of the compositions via a spray boat, a boat equipped with 

based compositions as another m*r*»»iiCTn to adjust the 30 a skimmer, surface ship, airboat, submarine, or application 

controlled-release rate and controlled-release profile of the via fixed wing aircrafts, rotarcrafts or spray planes. In a 

contaminant-reducing agents contained therein. The rate of terrestrial environment the composition can be applied 

release will be further modified by the salinity of the directly on the soil surface or mulched into the soil In an 

environment For example, certain superabsorbent polymers aquatic environment, the composition should be applied at 

swell less in sea water, so the rate of release is slower. 35 or near the surface of water. Preferably, the contaminant- 

Pref erably, the contaminant-reducing agent delivery com- reducing agent delivery composition is applied at a total 
position of the present invention contains one or more bulk application rate of about 0.1 to about 2000 pounds per 
nontoxic and inert adjuvants or diluents such as carriers, surface acre of the target environment More preferably, the 
binders, coatings, defloculating agents, penetrants, spread- contaminant-reducing agent delivery composition is applied 
ing agents, surface-active agents, surfactants, suspending 40 at a total bulk application rate of about 0.1 to about 500 
agents, wetting agents, stabilizing agents, compatibility pounds per surface acre of the target environment The 
agents, sticking agents, waxes, oils, co- solvents, coupling application range will depend upon the type of agent used, 
agents, foams, antifoaming agents, synthetic plastics, the particular superabsorbent polymer employed, the dura- 
elastomers, synergists, natural or synthetic polymers, UV tion and rate of release desired, the total application rate 
protectants, buoyancy nK>difying agents, biocides, and other 45 required to uniformly treat the area of con t a min ati o n, the 
additives and mixtures thereof. Some may be type and concentration of contaminant and the concentra- 
biodegradable, or photodegradable (eg., ultraviolet light), tion of natural contaminant-reducing organisms and nutri- 
and others may be degraded by hydrolysis. ents in the target habitat 

Fox aquatic treatments of surface contaminants, a floating The invention will be further described by reference to the 

superabsorbent polymer-based, contaminant-reducing agent 50 following detailed examples. These examples are offered to 

composition is preferred. Most superabsorbent polymers further illustrate the various specific and preferred embodi- 

have a specific gravity greater than one, and therefore, will ments and techniques. B should be understood, however, 

require a buoyancy material or device to keep the compo- that many variations and modifications may be made while 

sitions of the present invention at or near the surface of the remaining within the scope of the present invention, 

water especially when the superabsorbent polymers are 55 EXAMPLE 1 
hydrated. For example, low specific gravity materials such 

as cetyl alcohol, stearyl alcohol, myristyl alcohol, cork, Five grams of a powdered 1:1 mixture of 75% sorbitan 

styrof oam, polymers, plastics, hydrophobic silica or sawdust monooleate plus 25% 2-ethyl butanol and SUPER SORB 

could be intimately mixed with or incorporated into the superabsorbent polymer were dispensed on the surface of a 

polymer matrix via admixing procedures with one or more 60 body of water. Water in the areas contained visible iridescent 

superabsorbent polymers. Another embodiment utilizes residues of floating petroleum products, diesel No. 2, oils, 

floating containers (eg., plastic or mesh bags) to carry and and/or gasoline from the boats that were docked and had 

release the superabsorbent polymer-based, contaminant- passed through the area. Wind speed at the time of the 

reducing agents through one or more orifices, slots, etc, in demonstration was less than 5 tnph. 

proximity to the surface contaminant 65 Some of the film-forming agent was released immediately 

Surface-active compositions of the present invention upon contact with the water, producing a clear iridescent- 

could also be developed by mixing low specific gravity free (Le., petroleum-free) area as the film-forming agent 
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formulation spread out in a concentric manner over the 
surface of the water while pushing and compacting the 
petroleum products outward from the point of application. 
The surface water around seven docks and a large portion of 
the entry canal were cleaned of petroleum residue within 
several minutes of application. Some of the petroleum 
products that were compacted along the seawall were 
removed with a mop, thereby demonstrating the use of the 
superabsorbent film-fcrming agent formulation for use in oil 
collection and dispersal 

EXAMPLE 2 

Five grams of a powdered 1:1 mixture of 100% POE- 
2isostearyl alcohol and SUPER SORB superabsorbent poly- 
mer were dispensed on the surface of a body of water. Water 
in the areas contained visible iridescent residues of floating 
petroleum products, diesel No. 2, oils, and/or gasoline from 
the boats that were docked and had passed through the area. 
Wind speed at the time of the demonstration was less than 
5 mph. 

Some of the film-forming agent was released immediately 
upon contact with the water, producing a clear iridescent- 
free (Le., petroleum-free) area as the film-forming agent 
formulation spread out in a concentric manner over the 
surface of the water while pushing and compacting the 
petroleum products outward from the point of application. 
The surface water around seven docks and a large portion of 
the entry canal were cleaned of petroleum residue within 
several minutes of application. Some of the petroleum 
products that were compacted along the seawall were 
removed with a mop, thereby demonstrating the use of the 
superabsorbent film-forming agent formulation for use in oil 
collection and dispersal. 

EXAMPLE 3 

A series of bioremediation bioassays were conducted in 
three water qualities to evaluate the efficacy of granular 
controlled delivery contaminant-reducing microbial compo- 
sitions composed of a starch grafted sodium polyacrylate 
superabsorbent polymer matrix (SANWET IM-1500 LP), an 
acrylic add, co-polymer release-rate regulator (PEMULEN 
TO- 1; The BP. Goodrich Company. Cleveland. Ohio) and a 
petroleum-degrading bacterial formulation (ABR Diesel 
Blend of viable bacterial cultures on a wheat bran base; 
code: 9577; Sybron Chemicals Inc., Palm Harbor, Fla.). in 
reducing the amount of aquatic contamination of No. 2 
diesel fuel* Superabsorbent polymer granules were loaded in 
an aqueous formulation of bacterial and release rate regu- 
lator according to the following microsponging and entrap- 
ment procedure: 0375 g (0.1% w/w) PEMULEN TO- 1 was 
added to 337.12 g (89.9% w/w) water purified by reverse 
osmosis filtration (RO) in 500 ml NALGENE bottles and 
vigorously mixed on a STOOKEMASTER paint shaker for 
approximately 30 minutes. Next, 37.5 g (10% w/w) ABR 
Diesel Blend was then added to the aqueous formulation and 
mixing was continued for an additional 60 minutes. 
Subsequently, 5.0 g (w/w) SANWET IM-1500 LP superab- 
sorbent polymer granules were then added into the aqueous 
bacterial formulation and mixed for an additional 30 minutes 
to load the granules with the aqueous formulation ingredi- 
ents. Swollen (hydrated) granules containing the formula- 
tion ingredients were rinsed with approximately 1000 ml RO 
water on a 10 mesh sieve to remove excess coating. Swollen 
granules were dried in a low-humidity room maintained at 
approximately 27-38% relative humidity (RH) and 24-26° 
C for 96 hours. Dry, dehydrated granules were placed into 
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40 ml glass vials and stored until use. Granule composition 
was approximately 59.0% (w/w) ABR Diesel Blend, 0.6% 
(w/w) PEMULEN TR-1, and 40.4% (w/w) SANWET 
IM-1500 LP superabsorbent polymer, 

3 EXAMPLE 4 

Granular controlled release SANWET IM-1500 LP super- 
absorbent polymer-base nutrient compositions utilized in 
conjunction with the bacterial composition of Example 3 

10 consisted of a balanced blend of nitrogen, phosphorus, and 
micronutrients (BI-GHEM Accelerator n Special; code: 
9546; Sybron Chemicals Inc., Palm Harbor, Fla.) and a 
release-rate regulator (PEMULEN TR-1). Superabsorbent 
polymer granules were loaded in an aqueous formulation of 

13 nutrients and a release-rate regulator ingredients. The fol- 
lowing microsponging and entrapment procedure was uti- 
lized to formulate controlled delivery granules for bioassay: 
0.375 g (0.1% w/w) PEMULEN TR-1 was added to 337.12 
g (89.9% w/w) water purified by reverse osmosis filtration 

20 (RO) in 500 ml NALG ENE bottles and vigorously mixed on 
a STOOKEMASTER paint shaker far approximately 30 
minutes. Further, 37.5 g (10% w/w) BI-CHEM Accelerator 
n Special was then added to the aqueous formulation and 
mixed for an additional 60 minutes. Next, 5 g (w/w) SAN- 

25 WET IM1500 LP superabsorbent polymer granules were 
then added to the water-base nutrient formulation. Swollen 
(hydrated) granules were rinsed with approximately 1000 ml 
RO to remove excess coating. Swollen granules were dried 
in a low-humidity room at approximately 27-38% relative 

30 humidity and 24°-26° C. for 96 hours. Dry, dehydrated 
granules were placed into 40 ml glass vials for storage until 
use. Granule composition was approximately 62.1% (w/w) 
BI-CHEM Accelerator n Special, 0.6% (w/w) PEMULEN 
TR-1, and 373% (w/w) SANWET IM-1500 LP superabsor- 

35 bent polymer. 

EXAMPLES 

A series of comparative bioremediation granule-transfer 
^ bioassays were conducted to determine the efficacy of con- 
trolled delivery superabsorbent polymer-based granular for- 
mulations composed of contaminant-degrading bacterial 
microorganisms and nutrients in reducing the level of petro- 
leum contaminants in aquatic habitats having three types of 
45 water quality. Hie target petroleum contaminant was No. 2 
diesel fuel 

Granular compositions fabricated in Examples 3 and 4 
were utilized in the aquatic bioassays. Tests were conducted 
in fresh water (RO), 50% seawater (INSTANT OCEAN), 

3Q and 100% seawater (INSTANT OCEAN). Tests were repli- 
cated three times. 

The following bioassay protocol was utilized: 487.5 g of 
RO water, 50% seawater or 100% seawater was added to 
PYREX or KIMAX crystallizing dishes (125x65 mm). 

35 Depth of the water was approximately 45 mm. Next, 123 g 
No. 2 diesel fuel (approximately 25,000 ppm) was pipetted 
on the surface of the water (487.5 g) of each water quality 
series. The No. 2 diesel fuel layer at the surface of the water 
was approximately 3 mm thick. In order to assure mat a 

6o sufficient nutrient base was established to support microbial 
growth 3 g of BI-CHEM Accelerator II Special was preap- 
plied to each water quality. 

Two granular application rates for each bacterial and 
nutrient composition were evaluated in the 3 water qualities 

65 containing the petroleum contaminant Rates were applied to 
achieve bacterial levels of approximately lOMO 6 cfu 
(colony forming units yml. A low granular application rate 
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consisted of applying 035 g (approximately 292 granules at 
0.0012 g/granule) of SANWET IM-1500 LP superabsorbent 
polymer granules loaded with ABR Diesel Blend (Le M 0.2 g 
ABR Diesel bacterial cultures) and 0.65 g (approximately 
342 granules at 0.0019 g/granule) of SANWET IM-1500 LP 
superabsorbent polymer granules loaded with BI-CHEM 
Accelerator II Special nutrient complex to the surface of 
each crystallizing dish containing 25*000 ppsn No. 2 diesel 
fuel on RO, 50% seawater, and 100% seawater. At this 
application rate, controlled delivery ABR Diesel bacteria 
granules contained approximately 2xl0 6 cfu/ml when 
applied to (he petroleum-contaminated aquatic habitats. 

A high granular application rate consisted of applying 
0.70 g (approximately 584 granules at 0.0012 g/granule) of 
SANWET IM-1500 LP superabsorbent polymer granules 
loaded with ABR Diesel Blend (Le., 0.4 g ABR Diesel 
bacterial cultures) and 13 g (approximately 684 granules) of 
SANWET IM-1500 LP superabsorbent polymers loaded 
with BI-CHEM Accelerator II Special nutrient complex to 
the surface of each crystallizing dish containing 25,000 ppm 
No. 2 diesel fuel on RO, 50% seawater, and 100% seawater. 
At this application rate, controlled delivery ABR Diesel 
bacteria granules contained approximately 4xl0 6 cfu/ml 
when applied to the petroleum-contami natrd aquatic habi- 
tats. 

Technical non- superabsorbent polymer standards contain- 
ing 25,000 ppm No. 2 diesel fuel and 0.1 g (IxlO 6 cfu/ml) 
ABR Diesel Blend and 3 g BI-CHEM Accelerator H Special 
were also prepared in each of the 3 water qualities. Higher 
total levels of the bacteria blend were loaded into the 
granular compositions, since they were expected to release 
low levels of the bacterial cultures according to square-root- 
of-time or first-order kinetics for prolonged periods after an 
initial "burst" effect. Controls contained diesel- 
contaminated water and no bacteria. 

To assure maintenance of aerobic conditions in each water 
quality, water was initially aerated via an aquarium air pump 
and plastic tube for 03 minutes every three days, and then 
on a daily basis for 05 minutes for RO water, 1 minute for 
50% seawater, and 1.5 minutes for 100% seawater due to 
differences in dissolved oxygen levels. Water levels were 
maintained at 1-2 day intervals. Bioassay room temperature 
and humidity ranged from 26°-28° C. and 76-86% relative 
humidity, respectively. Comparative biodegradation of the 
No. 2 diesel in all water qualities at each application rate was 
evaluated on a qualitative and/or quantitative basis. 

Duration of effective controlled delivery of satisfactory 
concentrations of ABR Diesel Blend bacterial cultures and 
BI-CHEM Accelerator II Special was determined by trans- 
ferring the hydrated bacteria and nutrient loaded granules to 
new test chambers (i.e., crystallizing dishes) containing new 
water and No. 2 diesel fuel, and evaluating the rate and 
duration of biodegradation of the diesel resulting from the 
release of bacteria from the granules. Comparative qualita- 
tive evaluations were based on the visual degradation (Le., 
emulsification and reduction in size) of the surface layer of 
the No. 2 diesel fuel in all water quantities on a daily basis. 
Quantitative evaluations were based on diesel degradation in 
the high bacterial and nutrient application rate. Comparative 
post-treatment analyses of the concentration of diesel in tests 
and controls were only conducted in 100% seawater. Analy- 
ses of the average Total Petroleum Hydrocarbons (TFH) at 
various posttreatment intervals were conducted in pooled 
samples of the 3 water qualities according to EPA protocol 
418.1 (Sybron Chemicals Inc.). At these posttreatment 
periods, the bacterial and nutrient granules were removed 
from each water quality, rinsed through a basket strainer, and 
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transferred to new test chambers containing 495.0 g of RO, 
50% seawater, or 100% seawater, 3 g BI-CHEM Accelerator 
H Special, and 5 g No. 2 Diesel fuel (Le. t 10,000 ppm). A 
series of granule transfers were evaluated (e.g., Transfers #1, 
5 2, and 3). 

Visual observations of the petroleum layer indicated a 
gradual emiilsificanon/geUying and reduction in the size of 
the layer of No. 2 diesel fuel when compared to controls. The 
rate of biodegradation appeared to be slightly faster in the 

10 standards when compared to the superabsorbent polymer 
granular compositions; however, this was attributed to the 
lower level of free bacterial cultures initially present in the 
water column due to the slow rate of release of the bacterial 
from the superabsorbent polymer granules. Similar visual 

15 signs of biodegradation of the No. 2 diesel fuel layer were 
recorded in all granule transfer tests. Comparative observa- 
tions indicated that the speed of degradation was directly 
related to the application rates of the loaded superabsorbent 
polymer granules, i.e., degradation of the diesel layer 

^ appeared to be about twice as fast in tests at the high 
bacterial and nutrient rates when compared to tests con- 
ducted at the lower rates. 

Quantitative analysis of tests containing superabsorbent 
polymer-based compositions containing approximately 

23 4x10* cfu/ml at 21 days post-treatment resulted in average 
TPH levels of appioxiinatery 7740, 6110, and 4750 mg/1 for 
RO, 50% seawater, and 100% seawater tests, respectively. 
The average TPH in the standard containing 100% seawater 
was 3780 mg/1 . The average control TPH levels was 

30 23,880-24360 mg/1. 

IM-1500 LP Superabsorbent Polymer-base bacteria and 
nutrient granules transferred from the 25,000 ppm diesel- 
contaminated water qualities at 2 l-days posttreatment to the 
10,000 ppm No. 2 diesel fuel water qualities were observed 

35 to be effective in slowly degrading the petroleum- 
contaminant in the 3 water qualities. Emulsification of me 
diesel layer resulting in a gellying and reduction in the 
diameter of the surface layer of diesel was observed to 
slowly increase over the initial 21-day test period. A second 

40 series of analyses (Transfer #1) of the diesel contamination 
in the 3 water qualities treated with the controlled delivery 
superabsorbent polymer-base bacterial and nutrient granular 
compositions at 19 days posttransfer (Le., 40 days 
posttreatment) resulted in average TPH levels of 7100, 455, 

45 and 488 mg/1 in RO, 50% seawater, and 100% seawater 
tests, respectively. The TPH levels in the controls were 
9,810-10,080 mg/1 . Similar visual signs of biodegradation 
of the diesel layer were observed over the 19 day posttrans- 
fer period in the 3 water qualities. 

50 It should be noted that visual observations of the third 
transfer at 14 days post-transfer of the superabsorbent poly- 
mer granules (Le., 54 days posttreatment) containing the 
bacterial and nutrients to new diescl-contaminated (Le., 
10,000 ppm) water (RO, 50% seawater, and 100% seawater) 

55 indicated mat the rate of biodegradation of the surface layer 
of diesel was comparable to the second transfer. Granules 
were still active when the tests were terminated, suggesting 
that the starch-grafted superabsorbent polymer granules 
were still effective in releasing satisfactory levels of the 

tio diesel-degrading bacterial and nutrients for a prolonged 
period. Id addition, it was possible mat the starch-based 
granules also served as "mim-fermenters" for regenerating 
bacteria within the starch-grafted matrix for slow-release 
into the water. Different degrees of biodegradation of the 

65 granules were observed in the transfers. 

Different amounts of nutrients (Le., BI-CHEM Accelera- 
tion II Special) were observed in the hydrated superabsor- 
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bent polymers granules exposed to the 3 water qualities was pipetted to provide a moist soil environment and 

containing the 25,000 or 10,000 ppm diesel contaminants. swollen superabsorbent polymer matrices of bacteria and 

Pen- the most part, observed nutrient concentrations in the nutrients throughout the soiL The soil was remoistened with 

granule (i.e., based on color differences) appeared to follow 5 ml RO water at 3-day intervals and aerated by turning the 

the trend 100% seawater>50% seawater>RO water. This 5 soil with a spatula and re-leveled at 1-3 day intervals. Each 

suggested that nutrient release rates from the superabsorbent dish in this series contained approximately 1 xlO 5 cfu/g 

polymer granules increased with decreasing salinity. soil (approximately 0.01 g ABR Diesel bacteria cultures on 

In general, results of bioassays indicated that superior- a ^ bn ^ c) ; \f° i^^L^^ nS ^ 

bent "polymer granules can d used as n^nceftTthe ZT^^^r Ld^^t'^^l^ 

prolonged controlled release of bacteria and nutrients used « J^Jg" ^ ' g 25,000 N °* 2 

^JS^S^Ji v^tlT^TT 15 r Bioassays were also conducted with a standard non- 

environments havuig a vanetyof water qualities. Controlled sup erabsorbent polymer-base powdered admixture compo- 
release of toe contanmiant-re^ang agents appeared to be Xn. In this protocol, a premfced (5 minutes) fonniuX 
via a swelling controlled diffusion process and gradual 12.60 g (1.19% w/w) of BI-CHEM Accelerator II Special 
biodegradauon of the superabsorbent polymer matrices. The » (code: 9546) and 0.07 g (0.01% w/w) ABR Diesel Blend of 
rate of petroleum triodegradation was directly related to the viable bacterial cultures on a wheat bran base (Code 9577) 
application rate of bacteria and nutrient granules. Bioassay was thoroughly blended into the 1023.75 g (963% w/w) of 
results further suggested that the dense controlled-rekase soil and 26.25 g (2.5% w/w) No. 2 diesel fuel (25,000 ppm) 
granular compositions would produce petroleum admixture with a KITCHEN AID KSM 90 mixer for 
contanunant-reducing efficacy in shallow water, but would 20 approximately 5 minutes to assure a homogeneous mixture 
be required to float at or near tbe surface of the water to of all components. Next, 153.62 g of the non-superabsorbent 
deliver the contaminant-reducing agent(s) in proximity to polymer-base mixture was added to each 100x15 mm glass 
the surface contaminant in deep water habitats such as d* 50 ^ lightly hand-compacted to level the compo- 

oceans. Results also suggested that the starch-grafted super- rition. Each petri dish in this series contained approximately 
absorbent polymer granules may serve as a nutrient source 25 1x10 s cfu/g of sofl (approximately 0.01 g ABR Diesel Blend 
for regeneration of the bacteria for prolonged controlled ^ bacteria), 1.8 g BI-CHEM Accelerator U Special nutrient 
release. blend and 3.75 g No. 2 diesel fuel (25.000 ppm). 

Subsequently. 5 ml RO water was pipetted throughout the 
EXAMPLE 6 soil surface and subsurface to provide a moist environment 

30 and swollen superabsorbent polymer matrices of bacteria 

A series of terrestrial Woremediation bioassays were and nutrients throughout the soil The soil was remoistened 
conducted in soil to evaluate the efficacy of powdered with 5 ml RO water at 3-day intervals and aerated with a 
controlled delivery admixture formulations composed of a spatula and releveled at 1-3 day intervals. Controls con- 
starch-g-poly(2-r^openanude-co-2-propanoic add, sodium tained 146.25 g moist soil and 3.75 g No. 2 diesel fuel 
salt) superabsorbent polymer (WATER LOCK A- 140), a No. 35 Bioassay room temperature and humidity ranged from 
2 diesel fuel-biodegrading bacterial formulation (ie., ABR 26 e -33° C. and 74-86% relative humidity, respectively. 
Diesel Blend of viable bacterial cultures on a wheat bran Biodegradation of the No. 2 diesel fuel in soil with the 
base; code: 9577) and a nutrient blend (i.e., BI-CHEM superabsorbent polymer and non-superabsorbent polymer- 
Accelerator H Special; code: 9546) in reducing (he levels of base powdered compositions was evaluated on a quantitative 
a petroleum contaminant on land. The target contaminant ^ basis. Effectiveness of the petroleiinweducing, controlled 
utilized in these terrestrial bioremediation bioassays was No. release powdered formulation of ABR Diesel Blend 
2 diesel fuel (i.e., 25,000 ppm/petri dish habitat). Tests were bacteria, BI-CHEM Accelerator H Special nutrient blend, 
conducted in uncontaminated field collected soil used for fill and WATER LOCK A- 140 superabsorbent polymer matrices 
at the Lee County Mosquito Control District Tests were m biodegrading the No. 2 diesel contaminated throughout 
replicated 3 times. 45 the soil was based on quantitative analyses of the concen- 

The following protocol was utilized to prepare the experi- tration (mg/kg) of Total Petroleum Hydrocarbons (TPH) of 
mental contaminated habitats: 26.25 g (2.5% w/w) No. 2 pooled soil subsamples at various posttreatment intervals 
diesel fuel was slowly admixed with 1023.75 g ( 97.5% w/w) (EPA test SW-846 9071; Sybron Chemicals Inc.). This data 
moist soil in a stainless steel bowl with a KTTCHENAID was compared to the TPH levels in non-superabsorbent 
KSM 90 mixer (No. 2 speed; flat beater blade) for approxi- 50 polymer standards and controls. 

mately 5 minutes. Comparative bioassays were conducted Duration of effective controlled delivery of satisfactory 
with superabsorbent and non-superabsorbent polymer-base concentrations of bacteria and nutrients from the WATER 
compositions. LOCK A- 140 superabsorbent polymer matrices throughout 

In the protocol for superabsorbent polymer-base the soil was determined by transferring at 21 days posttreat- 
compositions, apxinixed(5mmutes)fc«milationof 0.07 g 55 ment (Transfer #1) one-half of each superabsorbent 
(0.01% w/w) ABR Diesel Blend of viable bacterial cultures polymer-base and non-superabsorbent polymer-base repli- 
on a wheat bran base (code: 9577), 12.60 g (1.15% w/w) cate (i.e., 75 g) containing the remaining (ie., partially 
BI-CHEM Accelerator II Special nutrient blend (code: biodegraded) diesel-contaminated soil and nutrient/ABR 
9546), and 12.67 g (1.15% w/w) superabsorbent polymer Diesel Blend to new glass petri dishes containing an equiva- 
powder (WATER LOCK A-140) was thoroughly blended 60 lent amount of clean soil (i.e., 75 g), 1.5 g (10,000 ppm) No. 
into the diesel-contaminated soil with a KTTCHENAID 2 diesel fuel, and 1.8 g nutrients (BI-CHEM Accelerator II 
KSM 90 mixer for approximately 7 minutes to achieve a Special). All components were blended together with a 
homogeneous mixture of the components. Next, 153.62 g of KTTCHENAID KSM 90 mixer for approximately 5 minutes 
this superabsorbent polymer/soil composition was added to to assure a homogeneous mixture before being transferred 
each 100x15 mm glass petri dishes and lightly hand com- 65 into the new test chambers. 

pacted to level the soil-controlled release admixture. TPH analyses of soil containing No. diesel fuel (25,000 
Throughout the soil surface and subsurface, 5 ml RO water mg/kg), and a superabsorbent polymer-base (ie., WATER 
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LOCK A- 140) ABR Diesel Blend and BI-CHEM Accdera- have adequate moisture for bacterial growth. A control series 

tor II Special powdered composition resulted in an average contained 125 g sand that was surface-coated with 3 g No. 

TPH level of 10,400 mgfcg at 21 days posttreatment At this 2 diesel fuel (i.e., 23,000 ppm). 

time period, ar^roximately 58%^ Bioassay room temperature and humidity ranged from 
biodegraded by the ABR Diesel Blend. Diesd-contaniinated 5 26-33° C and 74-86% relative humidity, respectively. Bio- 
soil treated with the non-superabsorbent polymer-base com- degradation of the No, 2 diesel fuel on the surface of the 
position (Le., the standard) contained an average TPH level sand with the superabsorbent polymer-base and non- 
of 11,300 mg/kg, or a diesel No. 2 reduction of approxi- superabsorbent polynier4)asefcmulations was evaluated on 
mately 55%. These results indicated that the increased a quantitative basis. Effectiveness of the petroleum-reducing 
biodegradation efficacy observed with the superabsorbent to controlled delivery, variable-viscosity formulation of 
polymer-base bacteria and nutrient compositions was due to BIOTRACK DOL bacterial composition and WATER 
the slower rate of evaporation that would be expected from LOCK B-204 superabsorbent polymer matrices in biode- 
water entrapped within the superabsorbent polymer matrices grading the No. 2 diesel fuel contaminated on the surface of 
within the soil, when conroared to non-encapsulated or free &e sand was based on analyses of the concentration Total 
water within the soil The higher degree of soil moisture was 15 Petroleum Hydrocarbons (TPH) of sand subsamples at 21 
presumed to provide a more optimal environment for bac- days post-treatment This data was compared to the concen- 
terial growth. Perhaps the starch portion of the superabsor- option of TPH in non-superabsorbent polymer-base stan- 
bent polymer-base controlled delivery composition also <k«k and controls. 

added an additional nutrient source for increased bacterial Duration of effective controlled delivery of satisfactory 
growth. 20 levels of petroleum-degrading bacteria from the WAFER 
Analyses of the controlled delivery superabsorbent LOCK B-204 superabsorbent polymer matrices on the No. 
polymer-base soil composition that was transferred at 21 2 diesel-contaminated soil surface was determined by trans- 
days posttreatment (Transfer #1) to an admixture of nutrient- ferring at 21 days posttreatment one half of each superab- 
enriched soil contaminated with an additional 10,000 ppm sorbent polymer-base and non-superabsorbent polymer- 
No. 2 diesel fuel at 18 days posttransfer (Le., at 39 days & bascd r^Hcate (ie- 75 g) containing the remaining {Le., 
posttreatment) resulted in an average TPH concentration of partially biodegraded) diesel-contaminated sand and 
3780 mg/kg. Transfer of the non-superabsorbent polymer- BIOTRACK DOL to the surface of the sand in new glass 
base composition resulted in an average concentration of ^hes containing an equivalent amount of clean sand 
TPH of 4810 mg/kg. In general, results of comparative ( Le - 75 «) was surface-coated with 1.25 g No. 2 diesel 
transfer bioassays indicated that the starch-grafted superab- 30 (*- e -» 10*000 ppm). 

sorbent polymer matrices were effective in prolonging the TPH analyses of the sand containing No. 2 diesel fuel 

release of entrapped petroleum-reducing bacteria and (23,000 ppm) and a single application of a superabsorbent 

nutrients, while providing a more optimum soil moisture polymer-base (Le., WATER LOCK B-204) BIOTRACK 

level and possible nutrient source for enhanced microbial DOL formulation resulted in an average concentration of 

activity. 35 TPH of 12,600 mg/kg at 21 days posttreatment, or approxi- 

_ ya __ mately 45% biodegradation of the No. 2 diesel fuel. Analy- 

EXAMPLE 7 ses of the diesel-contarninated sand treated with a single 

A series of terrestrial bdoremediation bioassays were application of the standard non-superabsorbent polymer- 
conducted on sand to evaluate the efficacy of controlled base formulation resulted in a concentration of TPH of 
delivery semi-viscous, liquid (Le., water based) composi- 40 greater than 23,000 mg/kg at 21 days posttreatment, or 
tions of a starch-g-rx)ly(2-prc^namide-co-2-propanoic virtually no biodegradation of the No. 2 diesel fuel These 
acid, potassium salt) superabsorbent polymer (WATER results indicated that a significant increase in biodegradation 
LOCK B-204) and a petroleum-degrading bacterial culture efficacy observed with the superabsorbent polymer-base 
formulation (BIOTRACK DOL; code: 9690) in effectively bacterial formulation was due to the increased amount of 
reducing the level cf surface petroleum contamination on 45 water at the surface area of the diesel contamination caused 
land The substrate utilized for this terrestrial bioassay series by the entrapment of water by the superabsorbent polymer, 
was TEXBLAST sand-blasting sand The target contaminant Water applied to surface of non-superabsorbent polymer 
was No. 2 diesel fuel. formulations did not accumulate at the site of surface 

Hie following protocol was utilized to prepare the expert- containination, and therefore did not provide the bacteria 
mental diesel-contaminated habitats for evaluating the 50 with a sufficient source of moisture for adequate microbial 
superabsorbent polymer-base and non-superabsorbent growth for biodegradation of the No. 2 diesel. Water was 
polymer-base compositions of BIOTRACK DOL: 3.0 g No. observed to accumulate at the bottom of the petri dish in 
2 diesel fuel (i.e., 23,000 ppm) was squeeze-sprayed on the non-superabsorbent polymer tests, while swollen superab- 
surfaoe of 125 g sand in each 100x15 mm glass petri dish (3 sorbent polymer matrices were observed at the sand surface, 
repUcations/composition) with a 30 ml plastic drop- 55 with no water accumulation being observed at the bottom of 
dispensing bottle. To evaluate the superabsorbent polymer- the petri dishes in tests with superabsorbent polymer-base 
base compositions, 24.1 g premixed (KTTCHENAID KSM formulations. Also, perhaps, the starch portion of the super- 
90 mixer) formulation of 3.5 g WATER LOCK B-204 and absorbent polymer matrices also provided an additional 
165.2 g BIOTRACK DOL was uniformly pipetted over the nutrient source for increased bacterial growth. In general, 
surface of the diesd-contaminated sand In bioassays with 60 results of comparative bioassays with water-base superab- 
non-superabsorbent polymer-base standard compositions, sorbent polymer-base and non-superabsorbent polymer-base 
23.6 g of BIOTRACK DOL formulation was uniformly formulations clearly indicated that the starch-grafted super- 
pipetted over the surface of the diesd^ntaminated sand. absorbent polymer-base BIOTRACK DOL formulation was 
Subsequently, 5 ml of RO water was applied to each significantly more effective in reducing the level of surface 
experimental habitat containing the superabsorbent 65 petroleum contamination on sand when compared to a 
polymer-base and non-superabsorbent polymer-base formu- standard BIOTRACK DOL water-base formulation contain- 
lations at 3-day intervals to assure that each habitat would ing no superabsorbent polymer. 
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EXAMPLE 8 30.1% sorbitan monooleate/2-ethyl butanol + 3.0% 

Three different superabsorbent polymers were formulated MORWET IP + 1.5% carbon + 03% silica + 65.1% ARID- 

with a film-forming or bacterial contaniiiiant-reduciiig agent ALL 1 1250. 

and inert controlled release-rate regulator ingredients to 33.7% sorbitan monooleate + 3.4% MORWET M + 1.7% 

evaluate the effect of superabsorbent polymer type and inert 3 carbon + 0.3% silica + 60.9% SANWET IM-1500 LP. 
formulation components on the concentration of active 34.0% sorbitan monooleate + 3.4% MORWET IP + 1.7% 

contanunant-rcducing agent loaded into the granules, and carbon + 0.3% silica + 60.6% SANWET IM-1500 LP. 
the profile of release of the components from the granules 27.0% sorbitan monooleate/2-ethyl butanol + 2.7% 

into an aquatic habitat. Superabsorbent polymer granules MORWET M + 1.3% carbon + 0.3% silica + 68.7% SAN- 

utilized in these evaluations were a potassium polyacrylate, 10 WET IM-1500 LP. 

lightly crosslinked (ARID ALL 11250), a starch grafted 28.5% sorbitan monooleate/2-ethyl butanol + 2.9% 

sodium polyacrylate (SANWET IM1500 LP), a partial MORWET IP + 1.4% carbon + 03% silica + 66.9% SAN- 

sodium salt of a crosslinked porypropenok acid (Dow XU WET IM-1500 LP. 

40346.00 Super Absorbent Polymer), a poly (sodium 13.2% sorbitan monooleate + 1.4% MORWET M + 0.7% 

acrylate) homopolymer (SS Superabsorbent Polymer), a is carbon + 0.1% carbon + 0.1% silica + 84.6% XU 40346.00. 
crosslinked polyacrylamide copolymer (ALCOSORB 15.6% sorbitan monooleate + 1.6% MORWET IP + 0.7% 

AB3Q, a crosslinked pc4assiunVpolyacrylamide copolymer carbon + 0.2% silica + 81.9% XU 40346.00. 
(STOCKOSORB 310 K), or a copolymer of acrylamide and 10.2% sorbitan monooleate/2-ethyl butanol + 1.0% 

sodium acrylate (AQUASORB PR-3005). Release-rate MORWET M + 0.5% carbon + 0.1% silica + 88.2% XU 

regulators included inert formulating materials that can 20 40346.00. 

retard or accelerate the rate of delivery or diffusion of the 12.2% sorbitan monooleate/2- ethyl butanol + 1.2% 

active contaminant-reducing agent(s) from the superabsor- MORET IP + 0.6% carbon + 0.1% silica + 85.9% XU 

bent polymer granules, depending on the propensity of the 40346.00. 

active agents to leach from or be bound within the polymer Nutrient Agent (Sybron Chemical Inc.): Granule Compo si- 
matrices. Several nutrient formulations with no release-rate 25 dons (% w/w): 

regulators were also evaluated. Non-limiting examples of 39.6% BI-CHEM Accelerator II Special + 39.6% MOR- 

release-ratc regulators utilized in the admixtures included WET 3008 + 20.8% ARID ALL 11250. 

activated carbon (UCAR Carbon Co., Inc), hydrophilic 39.0% BI-CHEM Accelerator H Special + 39.0% MOR- 

silica (DEGUSSA FK 500 LS), acrylic acid copolymers WET M + 22.0% ARID ALL 11250. 

(PEMULEN TR- 1 or FEMULEN TR-2), sulfonated surfac- 30 39.1% BI-CHEM Accelerator II Special + 39.1% MAR- 

tants (sodium di-isopropyl naphthalene sulfonate: MOR- LJPAL 1618/25 P6000 + 39.1% ARIDALL 11250. 

WET IP Powder; sodium mono and di-methyl naphthalene 393% BI-CHEM Accelerator II Special + 393% MOR- 

sulfonate: MORWET M Powder; or sodium alkyl aryl WET 3008 + 21.4% SANWET IM-1500 LP. 

sulfonate: MORWET 3008 Powder), or a fatty alcohol 38.9% BI-CHEM Accelerator H Special + 38.9% MOR- 

polyethylene glycol ether (MARUPAL 1618/25 P6000 35 WET M + 22.2% SANWET IM-1500 LP. 

powder). Cc^taminant-reducing agents included in the for- 38.7% BI-CHEM Accelerator II Special + 38.7% MAR- 

mulations were nutrient complexes (BI-CHEM Accelerator LTPAL 1618/25 P6000 + 22.6% SANWET IM-1500 LP. 

II Special), bacteria cultures that were unfiltered or filtered 33.8% BI-CHEM Accelerator II Special + 33.8% MOR- 

to remove large bran particles (ABR Diesel Blend; code: WET 3008 + 32.4% XU 40346.00. 

9577 or ABR Gasoline Blend; code: 9350), or filnvferming 40 32.2% BI-CHEM Accelerator II Special + 32.2% MOR- 

agents (sorbitan monooleate or a mixture of 75% sorbitan WET M + 35.6% XU 40346.00. 

monooleate/25% 2-ethyl butanol). Microsponging and 31.7% BI-CHEM Accelerator II Special +31.7% MAR- 

entrapment techniques were used to load the active and inert LTPAL 161 8/25 P6000 + 36.6% XU 40346.00. 

components in an aqueous medium into the superabsorbent 33. 1% BI-CHEM Accelerator II Special +33.1% MOR- 

polymers according to a 0.5, 1, or 3 hour aqueous admixing 45 WET 3008 + 33.8% STOCKOSORB 310K 

procedure (i.e., depending on the swelling potential the 33.4% BI-CHEM Accelerator II Special + 33.4% MOR- 

supcrabsorbent polymer granules) that is generally WET M and 33.2% STOCKOSORB 310K 

described in Example 4. The loading rates that were 26.5% BI-CHEM Accelerator n Special + 26-5% MAR- 

observed when superabsorbent polymer granules were LTPAL 1618/25 P 6000 + 47% STOCKOSORB 310K. 

admixed with an aqueous formulation of 10% contaminant- so 31.1% BI-CHEM Accelerator H Special + 31.1% MOR- 

reducing agent and 1-10% inert formulation components WET 3008 + 37.8% AQUASORB PR-3005. 

(Le.,1% MORWET products, 0.5% carbon and 0.1% silica 31.1% BI-CHEM Accelerator JL Special + 31.1% MOR- 

for sorbitan monooleate-base compositions; or 10% MOR- WET M + 37.8% AQUASORB PR-3005. 

WET or MARLIPAL products or 0. 1% PEMULENTR-1 for 24.7% BI-CHEM Accelerator H Special + 24.7% MAR- 

BI-CHEM Accelerator H nutrient compositions; or 0.1% 55 LTPAL 1618/25 P6000 + 50.6% AQUASORB PR-3005. 

PEMULENTR-1 or TR-2 for ABR Gasoline Blend bacteria 39.6% BI-CHEM Accelerator II Special + 39.6% MOR- 

cultures; or 0.1% PEMULEN TR-1 for ABR Diesel Blend WET 3008 + 20.8% SS Superabsorbent Polymer. 

bacteria cultures) were as follows: 38.3% BI-CHEM Accelerator U Special + 383% MOR- 

FLlm-Forming Agent (Henfcel Corporation): Granule Com- WET M + 23.4% SS Superabsorbent Polymer. 

positions (% w/w): 60 57.3% BI-CHEM Accelerator II Special + 0.6% 

31.2% sorbitan monooleate + 3.1% MORWET M + 1.6% PEMULEN TR-1 + 42.1% ARIDALL 11250. 
carbon + 03% silica + 63.8% ARIDALL 11250. 62.1% BI-CHEM Accelerator n Special + 0.6% 

30.0% sorbitan monooleate + 3.0% MORWET IP+ 1.5% PEMULEN TR-1 + 373% SANWET IM-1500 LP, 
carbon + 03% silica + 65.2% ARIDALL 11250. 45.4% BI-CHEM Accelerator U Special + 0.5% 

29.0% sorbitan monooleate/2-ethyl butanol + 2.9% 65 PEMULEN TR-1 + 54.1% XU 40346.00. 
MORWET M + 1.5% carbon + 03% silica + 663% ARID- 53.6% BI-CHEM Accelerator U Special + 0.5% 

ALL 11250. PEMULEN TR-1 + 45.9% STOCKOSORB 31 OK. 
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44.9% BI-CHEM Accelerator II Special + 0.5% 
PEMULEN TR-1 + 54.6% AQUASORB PR-3005. 

77.7% BI-CHEM Accelerator H Special + 223% SS 
Superabsofbent Polymer. 

713% BI-CHEM Accelerator H Special + 28.7% SAN- 
WET IM-1500 LP. 

72.1% BI-CHEM Accelerator H Special + 27.9% ARID- 
ALL 11250. 

61.0% BI-CHEM Accelerator H Special + 39.0% XU 
40346.00. 

59.2% BI-CHEM Accelerator H Special + 40.8% STOC- 
KOSORB 310K. 

50.5% BI-CHEM Accelerator II Special + 49.5% AQUA- 
SORB PR 3005. 

Bacterial Agents (Sybron Chemicals lac): Granule Compo- 
sitions (%w/w): 

51.0% ABR Diesel Blend (unfiltered) + 0.5% PEMULEN 
TR-1 + 48.5% ARID ALL 11250. 

59.0% ABR Diesel Blend (unfiltered) + 0.6% PEMULEN 
TR-1 + 40.4% SANWET IM-1500 LP. 

37.6% ABR Diesel Blend (unfiltered) + 0.4% PEMULEN 
TR-1 + 62.0% XU 40346.00. 

48.4% ABR Diesel Blend (unfiltered) + 0.5% PEMULEN 
TR-1 + 51.1% STOCKOSORB 310K. 

48.2% ABR Diesel Blend (unfiltered) + 0.5% PEMULEN 
TR-1 + 513% AQUASORB PR-3005. 

2 1.7% ABR Gasoline Blend (filtered) + 0.2% PEMULEN 
TR-2 + 78.1% ARIDALL 11250. 

50.8% ABR Gasoline Blend (filtered) + 0.5% PEMULEN 
TR-1 + 48.7% SANWET IM-1500 LP. 

58.0% ABR Gasoline Blend (filtered) + 0.6% PEMULEN 
TR-2 + 41.4% SANWET IM-1500 LP. 

173% ABR Gasoline Blend (filtered) + 0.2% PEMULEN 
TR-1 + 82.5% XU 40346.00. 

15.8% ABR Gasoline Blend (filtered) + 0.2% PEMULEN 
TR-2 + 84.0% XU 40346.00. 

37.1% ABR Gasoline Blend (filtered) + 0.4% PEMULEN 
TR-1 + 62.5% STOCKOSORB 310K. 

36.8% ABR Gasoline Blend (filtered) + 0.4% PEMULEN 
TR-2 + 62.8% STOCKOSORB 310K. 

48.4% ABR Gasoline Blend (filtered) + 0.5% PEMULEN 
TR-1 + 51.1% AQUASORB PR 3005. 

47.7% ABR Gasoline Blend (filtered) + 0.5% PEMULEN 
TR-2 + 51.8% AQUASORB PR 3005. 

27.5% ABR Gasoline Blend (unfiltered) + 0.3% 
PEMULEN TR-1 + 72.2% ARIDALL 11250. 

33.5% ABR Gasoline Blend (unfiltered) + 0.3% 
PEMULEN TR-2 + 662% ARIDALL 11250. 

53.9% ABR Gasoline Blend (unfiltered) + 0.5% 
PEMULEN TR-1 + 45.6% SANWET IM-1500 LP. 

58.0% ABR Gasoline Blend (unfiltered) + 0.6% 
PEMULEN TR-2 + 41.4% SANWET IM-1500 LP. 

18.2% ABR Gasoline Blend (unfiltered) + 0.2% 
PEMULEN TR-1 + 81.6% XU 40346.00. 

15.0% ABR Gasoline Blend (unfiltered) + 0.2% 
PEMULEN TR-2 + 84.8% XU 40346.00. 

41.6% ABR Gasoline Blend (unfiltered) + 0.4% 
PEMULEN TR-1 + 58.0% STOCKOSORB 310K. 

42.5% ABR Gasoline Blend (unfiltered) + 0.4% 
PEMULEN TR-2 + 57.1% STOCKOSORB 310K. 

51.0% ABR Gasoline Blend (unfiltered) + 0.5% 
PEMULEN TR-1 + 48.5% AQUASORB PR-3005. 

51.4% ABR Gasoline Blend (unfiltered) + 0.5% 
PEMULEN TR-2 + 48.1% AQUASORB PR 3005. 

53.6% ABR Gasoline Blend (unfiltered) + 0.5% 
PEMULEN TR-1 + 45.9% ALCOSORB AB3C 

50.0% ABR Gasoline Blend (unfiltered) + 0.5% 
PEMULEN TR-2 + 49.5% ALCOSORB AB3C 



Results of formulation studies indicated mat the concen- 
tration of film-forming and bacterial contaminant-reducing 
agents loaded into the superabsorfoent polymer granules via 
an aqueous microsponging procedure was a function of the 

5 type of superabsorbent polymer and/or the inert release-rate 
regulators utilized in the admixtures. Release-rate regulators 
also functioned as loading-level regulators. A series of visual 
demonstrations were designed to evaluate the effect of the 
superabsorbent polymer and the release-rate regulators on 

to the controlled release of the petroleum contaminant- 
reducing agents from the superabsorbent polymer granules. 

Comparative pan (30 cmx30 cm) tests in 2000 ml of 
100% seawater (INSTANT OCEAN) containing 5000 ppm 
30 weight motor oil with several types of sorbitan 

15 monooleate or sorbitan monooleate/2-ethyl butanol-base 
superabsorbent polymer granules (1 g) that were suspended 
at the water surface in mesh bags from styrofoam floats 
indicated mat the duration of compaction of oil against the 
pan wall at the opposite end of where a granular formulation 

30 was introduced (Le., the film-forming agent pressure) varied 
with the type of polymer and/or the type/concentration of 
inert formulation ingredients. Similar tests with a variety of 
the bacterial-base and nutrient-base superabsorbent polymer 
granules were also conducted in 100% seawater. Results of 

25 these tests at 21 days posttreatment indicated that the rate of 
visual biodegradatton (Le., evaluated on the basis of craul- 
sification and reduction in surface area of the petroleum 
slick) of 5000 ppm No. 2 diesel fuel or 87 octane gasoline 
from ABR Diesel Blend or ABR Gasoline Blend, 

30 respectively, and BI-CHEM Accelerator II Special released 
from the granules (2 g) in floating mesh bags varied with the 
type of superabsorbent polymer, and/or the type and con- 
centration of release-rate regulators utilized in the granule 
compositions. Significant differences in the visual amounts 

35 of nutrients remaining in the superabsorbent polymer gran- 
ules were observed at 21 days posttreatment between nutri- 
ent granules loaded with release-rate regulators when com- 
pared to nutrient granules containing no release-rate 
regulators. 

40 EXAMPLE 9 

Duration of controlled release of film-forming 
contaminant-reducing agents from floating agglomerated 
superabsorbent polymer-base compositions and devices was 

45 evaluated in 5 gallon plastic buckets containing 4 gallons of 
1 00% seawater (INSTANT OCEAN) and/or in experimental 
fresh-water ponds (50x50 ft) having a variety of natural 
vegetation and invertebrate and vertebrate organisms. Film- 
forming agents utilized in the tests were sorbitan 

50 monooleate, a mixture of 75% sorbitan monooleate/25% 
2-ethyl butanol, or POE(2)isostearyl alcohol. WATER 
LOCK A- 140 superabsorbent polymer was formulated in the 
agglomerated compositions used in the bioassays and field 
evaluations; however agglomerated compositions were also 

53 prepared using Water Lock A-100, A-120. SUPER SORB, 
FAVOR CA100, and AQUA KEEP J-500. 

Agglomerated compositions of WATER LOCK A- 140 
and film-forming agents were prepared in the following 
manner: 100 g sorbitan monooleate, 75 g sorbitan 

60 monooleate/25 g 2-ethyl butanol, or 100 g POE(2) isostearyl 
alcohol were added to 300 g acetone in a stainless steel bowl 
and blended with a KITCHEN AID KSM 90 mixer (wire 
whip attachment) for 5 minutes on #2 speed. While mixing, 
100 g WATER LOCK A- 140 superabsorbent polymer pow- 

65 der was slowly added into a film-forming agent Mixing was 
continued until the acetone had been driven off and the 
powdered composition was essentially flowable 
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(approximately 2-3 hours). Next, 15 g of powdered super- varying the size and number of openings or pores in a 
absorbent polyrner/film-formiiig agent composition was hollow, floating or submerged device. Further modification 
tightly packed into preformed, water soluble 2 mil polyvinyl in release rate could be obtained by selecting superabsarbent 
alcohol bags (MONOSOL 8000 Series) and heat sealed. Hie polymers with different swelling and biodegradation param- 
cncapsulated compositions were cured in a room ma in ta i ned 5 and/or by tidTTi"»'"g various release-rate regulators 
at ca 27° C and 80% relative humidity for approximately 96 ingredients into the formulation. Low pressure and high 
hours before being transferred to a drying room ma i ntaine d pressure compaction techniques and the use of various 
at approximately 27° C. and 27-38% relative humidity for binders and hydrophobic or insoluble coatings could be 
an addition 96 hours. 30 or 40 mesh nylon netting was then further utilized to vary the release rate of the contaminant- 
tightly or loosely wrapped around each bag to allow for 10 reducing agents from the superabsorbent polymer matrices, 
different degrees of water-activated superabsorbent polymer These agglomerated formulations and devices could be 
swelling or expansion. Tightly fitted bags measured approxi- applied to any single, joint, or multiple combination of 
mately 38x51 mm while loose fitting mesh bags were microbial, nutrient, or film-forming agents used to control 
approximately 76x102 ram, A small cork or plastic float was contaminants in water. Granular compositions could also be 
attached to each end of a mesh bag to assure that the 15 utilized in the above mentioned devices. These controlled- 
agglomerated compositions would be in contact with and release compositions could also be utilized in terrestrial 
just below the surface of the water in proximity to a floating contaminant-controlling or reducing applications, 
contaminant. Powdered superabsorbent polymer-base film- 
forming agent compositions were also agglomerated into EXAMPLE 10 
briquets or disquets by hand compaction of the compositions 20 A series of tests were designed to evaluate the efFective- 
at various pressure in plastic tissue embedding molds ness of superabsorbent polymers alone (Le„ without the 
(PEEL-A-WAY) or in plastic petri dishes (approximately incorporation of a film-forming, microbial or nutrient 
35x10 mm). 1:1 powdered controlled delivery compositions contamwant-reducing agent) in controlling water-borne 
of superabsorbent polymers and ABR Diesel Blend or ABR organic and inorganic contaminants in terrestrial environ- 
Gasoline Blend or ABR Hydrocarbon Blend or BI-CHEM 25 ments by entrapping and concentrating the contaminants 
Accelerator II Special, with or without one or more release- within the water-activated superabsorbent polymer matrix 
rate regulators, were agglomerated and optionally encapsu- before significant vertical or horizontal leaching or migra- 
lated within water-soluble polyvinyl alcohol bags, or hand tion could occur from the initial site of introduction. The 
compacted into briquets or disquets as described above. organophosphate insecticide DURSBAN 4E (chlorpyrifos) 
Similar powdered compositions containing joint or multiple 34 was selected as an example of an organic pesticide contami- 
combinations of products such as 1:1:1 or 1:1:1:1 admix- nant while a series of metallic and non-metallic elements 
tures of a superabsorbent polymer, an ABR bacterial culture, were selected as examples of inorganic contaminants. Cop- 
a nutrient complex, and/or fiWforming agent were agglom- per metal (Cu,-325 mesh, 99 3 % pure), aluminum metal 
erated into a variety of matrix forms. By aligning the floating (Al,-325 mesh, 99.5% pure), tin metal (Sn,-325 mesh 99.8% 
or submerged compositions in various arrangements and 35 pure), zinc metal (Zn,-325 mesh, 99.8% pure), chromium 
combinations, e.g., in layers, in tandem, linked together in a metal (Cr,-325 mesh, 99.2% pure), iron metal (Fe,-325 
chain-type configuration, etc., one or more contaminants mesh, 99.9% pure), and mckd-chromium metal (Ni— Cr,- 
could be simultaneously contained and/or controlled for 225 mesh, 80-20 wt %, 99.0% pure) were utilized as 
prolonged periods. Granular controUed-release composi- metallic elements (Cerrac, Inc.), while carbon and graphite 
dons could be utilized in the same fashion. These controlled- ^ fine powder (approximately -325 mesh) were utilized as 
delivery compositions would also have significant applica- non-metallic elements (UCAR Carbon Co., Inc.). 
tions for the control of surface or subsurface contaminants in Tests were conducted in plastic cups (FABRI-KAL 16S) 
terrestrial habitats. Procedures for admixing, curing, drying, or lOOx 15 mm glass petri dishes containing 75 g or 50 g of 
and hardening of the compositions are described above and soil for organic or inorganic contaminant evaluations, 
in the examples. 45 respectively. Two layers of SANWET IM- 1500 Flake super- 
Results of tests in fresh water ponds (approximately absorbent polymer (approximately 90 mm diameter; 3 g) 
240-280 umhos/cm) dusted with talc (i.e., to visualize were sandwiched between an upper and lower layer of nylon 
spreading of the film-forming agents) indicated mat the netting (30 or 40 mesh) that were joined around the perim- 
controlled release rate of a film-forming agent from the tight cter with staples. The mesh covered double layer of super- 
mesh bag was slower than from the loose mesh bag. Dura- 50 absorbent polymer flakes were placed over the surface of the 
tion of film-forming agent persistence (Le., film pressure) soil to serve as a water-activated protective barrier that could 
was monitored with ADOL (oleyl alcohol) indicator oiL entrap water-borne organic or inorganic contaminants in a 
Daily water temperature was approximately 35° C. Mesh defined location, and thereby prevent spreading of the con- 
size also affected the rate of delivery by restricting or taminant to areas far removed from the points) of initial 
slowing the release of expanded superabsorbent polymer- 55 introduction. Tests with inorganic and organic contaminants 
base components into the water. Bioassay results in buckets were replicated 3 times and conducted in a room maintained 
containing 100% seawater indicated that release of me at approximately 27° C and 80% relative humidity, 
film-forming agents from the superabsorbent polymer com- The following bioassay protocol was utilized to evaluate 
positions was significantly slower than observed in the fresh the efficacy of a removable superabsorbent polymer "mesh 
water due to the general inhibition of superabsorbent poly- 60 mat" in reducing the amount of a water-base DURSBAN 4E 
mer swelling in. high salinities. Similar trends in release due formulation (Le., 0.25% chloropyrifos) from leaching into 
to mesh tightness and mesh size were also observed. the soil, for example, as a result of a spill. In this test, 5 ml 
In general these observations suggested that various (5 g) of the 0.25% DURSBAN 4E formulation (0.25 g 
devices could be fabricated that could regulate the rate of DURSBAN 4E + 99.75% distilled water) were pipetted over 
delivery of the contaminant-reducing or controlling agent by 65' the surface of the superabsorbent polymer-covered soil in 
restricting the polymer swelling potential and/or surface area each plastic cup. Next, 5 ml of the insecticide solution was 
of the polymer in contact with the water, for example, by pipetted directly onto the soil in control groups having no 
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superabsorbent polymer mat (Lc, screen mesh only— no 
SANWET IM- 1500 flakes). To evaluate the pesticide entrap- 
ment potential of the superabsorbent polymer, bioassays 
against 10 German cockroaches (Blattella germanica) adults 
were conducted to evaluate the acute toxicity of the sofl 
contaminated with the pesticide as a result of the application 
in mat-covered and uncovered soil (3 replications/test). The 
mesh with and without the supcrabsorbent polymer flakes 
were removed from the soil prior to introduction of the 
cockroaches. The weight of each plastic cup was then 
determined Results indicated that a weight increase of 4.87, 
4.83, and 4.89 g of water-base DURSBAN 4E was obtained 
in controls while no increase was obtained in the superab- 
sorbent polymer-covered series. It is presumed mat the slight 
reduction in pesticide solution in the soil of controls was (hie 
to a small amount of pesticide solution being retained on the 
double layer of nylon mesh. 100* of the cockroaches 
introduced on the soil having no superabsorbent polymer 
mat died within 24 hours post-introduction. No cockroach 
mortality was observed in tests containing the superabsor- 
bent polymer mat 

The following test protocol was used to evaluate the 
efficacy of a removable superabsorbent polymer "mesh mat" 
in reducing the amount of water-borne metallic and non- 
metallic elements from leaching into the soil, for example, 
as a result of an industrial spill or run-off. In this test scries, 
a metallic and non-metallic formulation of copper metal (0.5 
g), y liimi'nnm metal (0.5 g), carbon (0.5%), graphite (0.5%), 
and distilled water (8.0 g), or a metallic formulation com- 
posed of copper metal (0.2857 g), aluminum metal (0.2857 
g), tin metal (0,2857 g), zinc metal (0.2857 g), chromium 
metal (0.2857 g), iron metal (0.2857 g), nickel-chromium 
metal (0.2857 g), and distilled water (8.0 g) was applied 
from a plastic squeeze drop-dispensing bottle into glass petti 
dishes containing soil covered with a superabsorbent poly- 
mer mesh mat and soil that was not covered with a super- 
absorbent polymer mesh mat (control group — mesh only). 
An additional 2 g distilled water was added to the squeeze 
bottle after each application to wash any re maining metals/ 
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polymers can be washed to remove the contaminants and 
then reused in subsequent contaminant-controlling applica- 
tions. 

The complete disclosure of all publications, patents and 
patent documents are incorporated by reference herein, as 
though individually incorporated by reference. The inven- 
tion has been described with reference to various specific 
and preferred embodiments and techniques. However, it 
should be understood that many variations and modifica- 
tions may be made while remaining within the spirit and 
scope of the invention. 

What is claimed is: 

1. A contarninant-reducing composition comprising a 
mixture of: 

(a) a ^ftii tamiiMHit joining agent comprising a microbial 
agent which effects bioremediation upon said 
contaminant, wherein said contaminant comprises a 
material selected from the group consisting of polycy- 
clic aromatic hydrocarbons, polychlorinated biphenyls, 
organic solvents and oil 

(b) a superabsorbent hydrophilic solid acrylate or acryla- 
mide organic polymer for delivery of the contaminant- 
reducing agent, said polymer being capable of absorb- 
ing over one hundred times its weight in water, 

wherein said composition is capable of reducing the 
amount of an organic contaminant in a 2000 ml sample 
comprising water by said microbial agent effecting 
bioremediation upon said contaminant in an environ- 
ment where water is present in an amount sufficient to 
swell said organic polymer, and 

(c) at least one additional material selected from the class 
consisting of a film forming agent and a nutrient for 
said microbial agent 

2. The composition of claim 1 wherein said composition 
contains a nJm-fcrming agent which will increase the sur- 
face area of petroleum present in said water. 

3. The composition of claim 1 wherein said composition 
when placed into a sample of water containing co ntaminant 



non-metals that were not dispensed in the application. 40 reduces the amount of contaminant in said 2000 ml sample 

_ .... *~ * . >. 1 *■ ..i^^f.Ac m***Al**A *f »fh«*Mn cni/4 swtt«nrT nnnt mmnrises nestfcldes. 



Essentially 12 g of each water-base formulation was applied 
to test and control petri dishes (Lc, 2 g metallic/non-metallic 
contaminants + 10 g water carrier). The comparative efficacy 
of the superabsorbent polymer mat in reducing the amount 
of metaWc/non-metallic contaminants in the soil was evalu- 
ated on a weight increase basis. Mesh with and without the 
supcrabsorbent polymer flakes were removed before weigh- 
ing the petri dishes. The post-treatment weight increases of 
petri dishes containing soil that was covered with the 



of water, wherein said contaminant comprises pesticides. 

4. The composition of claim 1 wherein said composition 
when placed into a sample of water containing co n t aminant 
reduces the amount of contaminant in said 2000 ml sample 
of water, wherein said contaminant is selected from the 
group consisting of organic solvents and oil 

5. The composition of claim 2 wherein said composition 
when placed into a sample of water containing con taminant 
reduces the amount of contaminant in said 2000 ml sample 



petri disnes containing sou mai was wvaw wuu uk iwuwa w » — ■ » ~™ - — — r— 

supcrabsorbent polymer mat were 0.15, 0.07, and 0.16 g for 50 of water, wherein said contaminant is selected from the 

the mctallic/non-metallic formulation and 0.15, 0.12, and group consisting of polycydic aromatic hydrocarbons, poly- 

0. 12 g for the metallic formulation. Weight increases of petri - J ■ - 1 — f " — " n 

dishes in controls were 11.87, 11.82, and 11.89 g for the 
metallic/non-metallic formulation and 11.83, 11.87, and 
11.86 g for the metallic formulation. Observations indicated 
that a small residue of metals/non-metals and water was 



55 



retained in the drop-dispensing bottles after each applica- 
tion. 

In general, results of these tests indicated that superab- 
sorbent polymers can be used to protect selected terrestrial 
habitats from being contaminated by certain organic and 
inorganic contaminants that are transported, carried or 
moved through/into the environment by water. 
Contaminant-entrapped superabsorbent polymers (e.g., 
mesh mats, laminates, etc) can be removed from the surface 
or subsurface areas of placement and disposed of according 
to acceptable procedures. In some cases, the superabsorbent 
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chlorinated biphenyls, organic solvents and oil. 

6. The composition of claim 1 wherein said composition 
comprises nutrients for said microbial agent 

7. The composition of claim 2 wherein said composition 
also comprises nutrients for said microbial agent 

8. The composition of claim 1 wherein said conta min a n t 
is petroleum hydrocarbons, and when said water comprises 
said contaminant as 23,880-24360 mgft of total petroleum 
hydrocarbons in water, with said oontaniiiiant-reduciiig 
agent present as 4x10 s cfu/ml in fresh water for 21 days, 
total petroleum hydrocarbons in said water are reduced to 
7740 mg/1 or less. 

9. The composition of claim 1 wherein said composition 
when placed into a sample of water containing con taminant 
reduces the amount of contaminant in said 2000 ml sample 
of water, wherein said contaminant is selected from the 
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group consisting of polycyclic aromatic hydrocarbons, poly- 
chlorinated biphenyls, organic solvents and oil, said com- 
position also comprises nutrients for said microbial agent, 
and when said contaminant is petroleum hydrocarbons, and 
when said water comprises said contaminant as 23,880-24, 
360 mg/1 of total petroleum hydrocarbons in water, with said 
contaminant-reducing agent present as 4X10 6 cfu/ml in fresh 
water for 21 days, total petroleum hydrocarbons in said 
water are reduced to 7740 mg/L or less. 

10. The composition of claim 9 wherein the contaminant- 
reducing composition is a composition which releases said 
microbial agent over time as said superabsorbent polymer 
swells in contact with water. 

1L The composition of claim 1 wherein said polymer is 
capable of absorbing oyer five hundred times its weight in 
water. 

12. The composition of claim 2 wherein said polymer is 
capable of absorbing over five hundred times its weight in 
water. 
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13. The composition of claim 3 wherein said polymer is 
capable of absorbing over five hundred times its weight in 
water. 

14. The composition of claim 4 wherein said polymer is 
3 capable of absorbing over five hundred times its weight in 

water. 

15. The composition of claim 1 wherein said polymer is 
capable of absorbing over one thousand times its weight in 
water. 

16. The composition of claim 2 wherein said polymer is 
10 capable of absorbing over one thousand times its weight in 

water. 

17. The composition of claim 3 wherein said polymer is 
capable of absorbing over one thousand times its weight in 
water. 

15 18. The composition of claim 4 wherein said polymer is 
capable of absorbing over one thousand times its weight in 
water. 

* * * * * 
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